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G R E E N W ri. E, 
Maſter-General of 


Hes MajzorY's 8 Ordnance," Ge. 
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May it pleaſe Your Guder, : 
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orga this Volume,. containing 
h parts” of Mathemetical 


On 


claim a 1557 of . Ro to Four Grace's 


protection, as a General, and Maſter of the 


Ordnance: Nor can there be a greater in- 


ducemem̃t᷑ do the Gemen of the Army to 
regard theſe neceſſary Qualifications, than 


the Countenance of Your Grace, whoſe 


great Example ary will be juſtly ambitious 


to follow. 


ARMS have — Your early exer⸗- 
ciſe, and A R T S Your conſtant ſtudy : | 
50 that the eminent a Your Grace 


has 


10 His oe 8k © 


Duke + F and 


cor If polo HE collection of T rradts which 


J knontedge as are properly the - 
© ſtudy of a Soldier, ſeems to 
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Has long made, both in the Field and Senate, 


is a topick upon which even a cold Imagina- 
tion might with eaſe expatiate : But tho juſt 


Praiſe is undoubtedly a grateful Incenſe, yet 


there is a certain delicacy in the Offering, 


which I dare not attempt. 


I therefore humbly beg pardon for the 
| preſumption of this Addreſs, and crave 
leave, with the moſt profound RS. to 


ſubſeribe myſelf, 


May it phaſe Lour mo 0 


You our Gract's ;mof Obediet, | | 


0 And mot Humble Sera, 


William Webſter. 
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Avr non s PREFACE. 


B EING obliged by my Station to fludy the pro- 
peręſl means of inſtructing the Marine Cy 
in ſuch Fawn of the Mathematics as are neceſſary for 


their Qualification, I thought the moſt effetiual methed : 

would be to lay before them a Collection, wherein they 

might both ſee what they had to learn, without trou- 
bling themſelves with any other Books, and might with 
eaſe reviſe what they had already been infirutted in, 


1 conflaered, that 5 Colle&ion ke to be as ſhort 
as poſſible z that the Perſons for whom it is intended 
might not be diſcouraged with the length of the wark ; 
and I may reaſonably hope that every Gentleman con- 
_ cerned will endeavour to render himſelf duly qualified, 

when he obſerves, that the tobole courſe of his Mathema= 
tical Sue are bee in two little V une. 2 


In the etranice upon each Subj % I have let no- 
thing paſs without clear explication . demonſtration; 
but in the progreſs, 1 have choſe to leave the Reader - 
the pleaſure of diſcovering by . ſome of the moſt 
eaſy concluſuns; of which, r, I have given 

"_ Paper” intimations. 9 


Ks” vs I have 
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T have not been ſerupuleuſl exact in rendering my 


method of demonſiratian perfectly uniform, and in dex 
Aducing my proofs immedigtely from firſt principles, or 
the next preceding Propoſitions ; but huve rather made 
it my chief endeavour to avoid ery thin that might _ 
embarraſs, or diſcourage my Readers :\ And when ſe- 
veral demonſtrations have ofered themſelves in proof 

of the ſame Propyſition, 


which appeared to me moſt intelligible and ſhort, 


father than that which perhaps might be thought 


more exatt- 


have always choſe that 
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X 7 3 thematics, which I 
| 3K tranſlate from the French 47 bg the be- 
Socher t of the” 'Engliſh Reader, will, I 
hope, by its brevity and perſpicuity, recommend 
k elf to Ah Gentlemen as \think. ſome knowledge in 
theſe uſe 2 Serences a lauduble Acconiplifhment. 5 
How oy this Study is, eſpecially in the Articles 
which make up this Collection, to thoſe who would 


rightly qualify themſelves either for the Army or 


Navy, 'zs too evident to be inſiſted on; but how cm- 
ducive the preſent Performance may be to that uſeful 


purpoſe „is not for me to- determine; as a Tran- 
flator, I am become a party in the 


ILball 
therefore preſume no farther, than . to offer a 
word or two in behalf of my Author, with reſpect to 


the ſeveral PR of his Work, and to fubjoin, as I g 
A 


4 wy 


x 


PREFACE. 


1 en, a ſhort Account 0 . the liberties 4 have taken i in 
rendring it into r 


He begins with a ſhort Kite Fas the 1 
and the eleventh and twelfth books q 
I think, he has ſhewn great judgment, in collecting all 
that is neceſſary for his purpoſe, without burdening 
his Reader with any propaſitions foreign to his agen; 
fo that I think it may be juſtly ſaid, there is nothing 
_ extant of thelike kind, at once ſs compleat and ſo conciſe : 
Nor do I judge it unworthy of remark, that the pro- 
poſitions ſiand numbered as they follow in the books of 
Fact, Mith regard to the tranſlation of this part, 


I have ont thing to agvertiſe the Reader, viz. That 
| Whereas the Author bad referr d his extract from the 
fourth book of Euclid, to his tract upon Practical 


Geometry, I thought it better to give all the Ele- 
ments together, ſince references met as well be "_ 
1 that Part as the raft. | 4 | 
| The ſecond ſubjef of our Author i is Arichmetick, 
upon which having myſelf wrote more fully, I entirely 
emitted his Traci; yet I hope it is nat ll ſupply'd wa 
my Arithmetick in Epitome, which * 2 as * 


. Volume of this Courſe. 


Trigonometry Is his third tran, i in which he Ph 


| pretty copiouſly handled the Doctrine of Triangles, 
both plain and ſpherical, and has therein alſo given a 


Hort, but clear, Ard * os e an 15 


e e 


Euclid, W "I 


mw .2w tw Sor) tus Es 


| that it ee OF 


PREFACE „ 


| Praftical Geblhetey is bit. next” ubjef, 1 
he fuccintly treats of the manner 0 taking Fleights 
and  Diftances, of the method of making & urg, 


and of the meaſurement of Surfaces and Solids. This 
part in the Origmal contains. likewiſe Jome extratts 


rom the fourth Book of Euclio, which, as T before 
obſerved, in the Tranſlation, I have ranged in their 
proper order among the Elements, with ſome addi- 
tions. He has likewiſe therein given the deſcription 
of ſome in/iruments, for. which I muſt refer the Rea- 
der to the Appendix 1 have added « at N end LY the 
left Volume. 5 


The Uſe of the Globes it the 1 tract in the 
order of our Author; but being deſirous ta compriſe 


all that mare immediately res cart the Land Service 


1 one Volume, I haue placed this Trac in the be. 


* oth the lafl Volume, as mere | adapted. to Ma- 
ry 


airs, All T Gall . 45 of this Treatiſe is, 
7 


bink fu clin in- 
tall gibi. ora 1 F 


Next fillows a a traft upon ann the Hort. 
gn and maſt intelligible I have ever met with, "There 
ts one Article in this Treatiſe 1 have taken the lis 
berty to alter (tho indeed 1 And believe it ta be 
an error of the Printer, than a miſtake of the Au- 


thor ) ſince the change 'of but one word, viz. autant 


into moins, that is as much into leſs, makes. the 
obſervation juſt, and the ſenſe conſi tent with the | 
Crrallary following. Ste Pag. * Fig. -; "6-15 he 
Fortification and Gunne: are the two remaining 
9 which — * one Volume in this Tranſla- 
4 I 


® rie 

tion, in which both thoſe ſubjefts are  fuceinfth 
bandled. In the one, the young Officer will. ſee: the} 
| _—_— and methods f Military Architecture, with 
roper explanation of Terms; and in the other, 


* lathematical Principles applicable to Artillery, 


with Juſt and neceſſary obſervations on the laws of 
motion with reſpect to ET Yes, "I 


' Theſe being ſubjefts- nuch out 0 my own has 
1 therein conſulted proper bot of And muſt par. 
bis xd. en my obligations to Captain Richards 


his Maje 705 s Train of Artillery, * Des tind * 
N with reſpeci to the latter. 


The two tratis on Navigation contained in the 
other Volume, are (eſpecially the latter) uncomman| 
Ens upon the ſubjeft : In the one is ſbetun the. n 
* en and uſe of ee Ch » Charts, and T ables; 
ith the application of Trigonometry 10 Sailing i 

the calculation of the Courſe, Diſtance, and Depar- 
ture; alſothe neceſary Ad enda of fonding the Prime, 
| EpaRQ, Golden Number, Moon's Age, and time of 


High Water in any Port, &c. In the other, which 


concerns the working f a Ship (a 9 nat treated 


en that I naw of by any Engliſh Author) is cen. 
fidered and explained, from the ablift'd pa of Mt 
ton, and the form and firudture of a Veſſel, the ſe 
veral motions a Ship is capable of receiving, and th 
| prop oper method: of giving them ; which naceſſari 
ted the Author into the conſideration 1 the ford 
and efficacy of the ſeveral. $ 9, accor Ek to N 
r tuation; ; 4b alſo. the 
der in changing the line f Direction. 25 Ws pp 
to. obſerve. * this head, that at ſome of | th 


e be. ings affer from the mathods * 0 


CCC 
* — 5 . 
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the Engliſh, T have ſet you down the Engliſh manutr = 
of performance by way of Notes at the 8 . 
age; which likewiſe contain whatever other obJerva- 
ions or remarks haue occured * * Tobole 


Per far mance. 


In this part of _ Mort, I W_ been alſo * to 
get proper aſſiſtance; and am eſpecially obliged to my good 
friend Captain Wilde, without whoſe Help it had been 
impolſible for me to have underſtood the French terms, 
pr to have expreſs'd them with any tolerable propriety im 
Engliſh : But my friend being ahſent when the lat » 2 

and was ſet to the Work, I muff flill beſpeak the in- 1 
dulgence of the Engliſh Sailor, if he finds my enpreſſi . 
the Wes a. deviate from the true Sea dial. Ds 


E 


on 7 hows noꝛo done with our r As to ** ton 


ee: irticles I have a they are, F itt, An alphabeti- 
gl explanation of ſuch Sea terms an phraſes as occur 
n the Work, w ich. will- nat. only be uſeful to ſuch 


entlemen as are defirons 10 lot into fo curious a Theory, 

hough not concern d with the Sea ; but even neceſſary 

o thoſe who undertake the ſtudy, with a view to their 

uture practice. Secondly, An Appendix, containing 

e deſcription and 1 uſe of of a compleat ſet of Packed In- 
Pruments, wherein the little AR neceſſary ts . 
ery young Mathematician, is ſufficiently explain'd 3 Ws 
nd the . lines laid down upon the Plain Scale, 7 


unter Scale, and Sector, are conſidered, beth with 
fare gerd to f * and application. N 
their | = 
bs 7 1 Having - 
7 t 4 ; | | 5 5 3 bu 
ed bf | 


10 PREFACE. 
is ha laid bfore 55. Ru- fame 
account of * the Mork, T ſhall not 97 take ut bi 
time with apologizing for the performance. I h 
dune my beſi endeavour, both in the Tranſlation an 
the additional Articles; I therefore ſubmit the whal 
to the candid peruſal of the Publick, well knowing 


that books of Science can 1225 make their way by they 
Merit. Es 
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>. Ke is to be 3 in three a . 
i} reſpects, which we call Dimenſions, vi 
By: NE 2. Breadth. 3. Tae of 
1 9 


4 gol 4. is a mägnitude evnfidered ud] 
three dimenſions; as if the tonnage of a Shin 
"es the Ship is conſidered as a Solid; and 

he que ag. requires that we examine its lengf 1 

th, its depth; for the longer, 

| broader, 0 the e it th the prone will 


5. A Superficies or "Oy is a magniti 
compreliended under two dimenſions, viz. engtl 
Rand breatth; as when we meaſure a field, 
take it for a Surface, which the longer, 4 
broader it is, the more acres it contains, wit aol 

any . to the —— or thickneſs oy 


„ * 3 2 e -N 
: 


1 2 
- Þ 2. 


1 A W is a e conſidered oallf 
5 length; thus when it is aſk' d, hoy far one 
i is diſtant from another, we conſider the ip 
between the two places as a line, which, 4 
=_ longer it is, the farther diſtant are the places 3 
e breadth or thickneſs of the ſpace, makes 
; j 5 e che places. of 
_ = N 2787 n de It 27 1 
. | A Point is that in which e er if | 
U [ 5 ther Engin, breadth, nor thickneſs, as in 
G going inſtance, 'the” two places are taken 
—_ 2 "Points; For it is not At all neceſſary 0 < a 
wy;  thelength, breadth, or thigkneſs of the twopl 
x * N the diſtance ä them. 4 s [ 
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8. The e extreamk of a Las are- Points: a This 
deing only a continuation of the motion of a 
Point, So Lines are the boundaries of a Super- | 
cies, In like manner as WORE are the 
poundaries of a ſolid * N gen: 2 


. Two ſimilar 3 are aid to be coal 5 
Chen the one being laid upon the other, per- 
ly covers: it. | In like manner, two ſimilar 8 
Solids are accounted equal, when one 1 ops: » 
noſed to penetrate the . is Hes e ly | 
vithin the ſame limits. mY 


10. A right Line, is the thortel 88 5 
ween two Points; thus the Line AB 4 
s a right Line, as, on the e the Fi 2 1 I 
ine CD i iS curve 2 or 'cropk ooked. 2. ya | 


>. „ 


11. A FH is that upon which a e . = 
ine may be every. way. Ne n Ne 
he Surface ABCD is ane, but the Fig) g. 5 [ 
e EFGH curved, 1 — hollow fide. 


à curve Surface i 1s: "a 76k 8 the ued Bf: 
ide convex. TER os. A 
„ Ks a ä "x Fh 2 * x 1 


8 „ 
. . ⁵˙ ˙b1 ß — wm _ 


12. 1 Line is 1 to ano- 
ber, when it has no inclination on ei- w5 3. 1 
er ſide, a AB upon ED. „ 


„ Ignore 


* *. * 
£2 $2 


+ The Take AB I, TRIES pas... a5 phe. 1 
Ele where all the perpen« e 1 

tivecn them are o N 
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dius, as BE; and if; in the fame manner, x 


laſtiy, an arch W end abate. 
| . as BC. 


angle ABC. 


makes no alteration in their diſtance ; ſo it mak 
no akkerenee in the g or fimalneſs of Y 


AG, i the quantity of the) gle r 


n 


14. Acirele is a plane figure 2 ABC, ee 

the extremeties are equally diſtant from 

Fx. 5. one certain point. The circumference 
of à circle, is the curve line which ins f 
compaſſes it, as AB C. The center is the point 
E, in the middle. A right line drawn from 
the center to the circumference, is call'd a Ra- 


right line be drawn quite croſs the circle, paſling 
thro* the center, it is called a Diameter, as AED; 


5 . 
15. A plane angle, is * Anse or pes 
of two lines, which touch in one point; 

Fig. 6. not making one line; thus the <p 
ing of a 'BO, makes 


* ; a 7 
4 — Ee 


* - 


16. 40 woo 3 is hs. iter, ht wider the 
lines ere apart: But as the length of the line 


— 


17. The melee 4 er a Ns 25 ano! 
found by deſcribing a circle round thi 


| 2: 
Fig. 7. point B, which "circle being divide. 
into 360 equal parts, called corel 7 


the number 'of * ich parts contained i in the arch 


,28. A right angle i is that W is exallf 
F i g. meaſured by an'areh of go degrees, « 


"08 fourth * of the circumference 
_  Aeirck 


7k 


* * : * I : ö * 31 2 


t 8 2 > 
4 circle, as. ABC. An altaſe 3 Gs — | 
than 215 * „ ECB, . eee 


Jeſs, as EBD 25 1 J 


19. A rectilinear angle is fan's 3 right 


lines; a curvilinear by two curves; 


and a mix'd' angle ann * 


and one curve. 


— 


It 


Fige6. 3 


* Saroos;or ABC 


20. A Triangle b 2 
| Wounded by three lines. 1. If theſe 


lines are equal, the triangle is equila- n.9. 
eral; 2. If two of them are equal TT, how Op 
Gs an on triangle; 3. But if the three 
ines are all "unequal b it ; is ear d a ſealene 
riangle, 


21. A Pat fn rite Wunde with 
our, lines, - whereof the: oppoſite 2 
re parallel, as AB CD. 'Fhere are ' Fig. 10. | 
our ſorts. of Parallelog rams: 1. The 
quare, which has all its ſides and an gles * 
. The long Square, which has its al equal, 
ut not its Rides. 3. The Rhombus, which has 
s ſides equal, but not its angles, 4. The 1 
5 ee bas- mether its Fj "9 2 
| pgles equal. SOAP £3 


2 of; 


3 


22. We call A Tin. which we EP ER | 
Propoſition. Of which there ate ſeveral ſorts: 

Theorems, which are truths purely ſſpeculative. 

Problems, wherein ſomething i is propoſed.to be 

dne. 3. Lemmas, which are truths laut down 

ly for the demonſtratioh of others; | 4. Corol- 

ries, which are — 2 3 from a 

opoſition — <2 ' 
2 * Axioms i 


2 


„„ i KY -.. 
VF e are plain truths on to 2) 
abe r 3 ſome of the W of which an | 
_ follow: „ | +: 1= 2 


Ix, The-whole is greater than Its! ban. ho 


25 Twe chings are oy to heh other, whe 
each one is equal to the ſame . 


3. Two equal things equally ed 0 

| diminiſhed; will remain equal; but if they art 
EN augmented. or diminiſhed ere N way be 
come unequal. PATE 


NE B. The Pro . are SR 4 ; 
Hand i in Euclid. 


A 99 „ my dd © [ anc. Te 


® 


» Paro T1 M . 


* 0 Wa an eqiilateral wills upon the 
line AB. From the point A WI 

1 Hig. II. the compaſſes open'd to the exteli 
| AB, deſcribe the arch BC; al 


from the point B, with the ſame extent, aeg a 

the arch AC, which ſhall cut the arch BC, th 
the point C; then drawing the lines AC, all 
BC, each of them ſhall be equal to the lin A 

* AB, (by Def. 14.) and to one another {ol _- 
As. 2.) conſequently the triangle AB C, w * ; 

: be * (according to Df 20 ) = 15 
8 PrxovosITION IV. _ be 

| for 


1 © If the Jin ine AB of one triangle, be. qual an 

FR. the line E D'of another triangle, 

1 Fig. 12. alſo the line A C equal to the ji 
1 —_ the _ A wy th 


3 


1 7 3 DET 179 
one, be 1 to the angle E of the other, the | 


| two triangles are equal-in every reſpect. 


angle EDF, be laid upon” 1 . AB, of the 
rig A 'B C, it will pe y cover it, (by 
9.) and the line EF ly fal n the line 
AG; "ba then the . and E are equal, 
they will likewiſe exactly cover each other; ſo 

that the point F, will be found upon the point C, 
in the ſame manner as the point D, upon the 
point B; conſequently the line D F, muſt alſo 
cover the line BC, and the whole triangle EDF, 
exactly cover the triangle ABC. Therefore it is 


equal 1 NO (by . 90 
e PROF. V. 


If the lines AB, AC, of the 1 ABC, 
are equal, the angles Band C ſhall be 
alſo equal. Make another triangle Fig. TS 
DEF, exactly equal to the triangle 
ABC, ſo that the angle A, may be equal to the | 


* lines DE, DE. 


angle A, that the line DE falls upon the line 

AB, the triangle DE F will perſectiy cover the 
triangle ABC, and the angle E will be found 
equal to the angle B; but if the line DE be 
laid upon the line AC, then will the angle E 
be found equal to the angle C ; the angles there- 
fore B Barn C being each of them equal to the 
7 3 e de to one 8 05 T 


2 
Wes 


Cab g — 0 5 8 | * . - | | 5 | 
l 2 * i e x B ' f ö 5 n ; PI R 0 P 
: : * 7 „ 1 1 
| 2 5 4 


Demonſtration, If the line E P, of the i- TR 


an gle D, and the lines AB, and AC, Equal bd . 
Demonſtr. If the auge D, he if laid upon the . 


| WE. 1 


L the WES EE of 4 triaf / 
are equal; the lines AB, A 72 A 
Fe. 13. equal. Suppoſe, as before, DEF! 
equal in every reſpect to A6 C. 
Damunſiration. If the triangle D E F, ben 
3 upon the triangle AB C, by laying 1 
EF, upon B C, the one will perſectij cover the 
other; and if the point E, falls upon the point B, 
the line DE, will alſo be found equal to the line 
AB; but if the point E, be laid upon the poi 
E, then will the 8 — DE, be 2 equal to the 
line AC, and cohſequently the lines AB, AG, 
being each equal to the line D E, muſt Alſo (0 
Ax. 2 2.) be open one to the other. SER 


Por. VIII. 5 ph F D 


11 * lines EY BC, sf. the inge A BE ual 
aal are/equal to the lines DE, EF, of W 
Fx. 14. triangle DEF, each to each, it is e, 

dent Thi the Baſe AC, cannot be equ 
to the Baſe DF, unleſs the angle B, be equal . 
the angle E: conſequently (by Prop. 4. ) the the. 
lines of the triangle ABC, cannot be equal toithe 
three lines of the triangle DEF, chance 
an aqua ine reſpecl. 0 e 


= $4 2 => 
b R OP, IX. 


Fo divide, an ok BAC into two Poet parts 

Make the point A, a center, deſeriht 

e 15. the arch BC, and thereon (by Prop. 1p 

TO 4 make an equilateral viangie oY Th 
"| 


jall the fins 0 1 adus . e er | 
the oppoſite interaction; divide the angle 
AC into two equal parts 3 thär 1 00 1 
gle BAD, ſhall be equal to the angle CAD. _ 
Demonſtration. The: triangle ABD, has al 
ſides equal to the ſides of the ape Bad, A CE D 3: 


nſequently (by: Prop. 4.) the angle 
. * 


5 * 9 7. X*. 8 
int To ai vide the lines AB; ee parts: 208 
we ake thereon (by Prop. 1.) the equi- 
eral triangles BD Az BCA, . Nx 16. | 
aw the line CD, which ſhall/ divide = 
> line 2 the Peine Ez, fo that _ and Ea, | 
Il be e 
ene Fe angler A E EDE 
4 e the ſide BF common; andthe ſide BD is 
B C. 


ual to the ſide & Dy'( 14.) and farther; - 
angle A DE, is W U angle BD E, 


on Prop. 9.) Thetefare is the g ie ADE, "I; 

2quil ual in every: reſpect to the triangle DE, (b 

th 4 79 Hm oo ne ne 1 ICY 
65 | 


«0 baer * — 


0 us fo the Point A, a line perpendicu- 5 
to the ep R Cj: Make AB, AC 
From the points B and 4 as * 17. | 
. with the ſame opening of ne 
W'1paſſes deſcribe two arches cutting dach 4 . 
0 D, draw the line D A; it ſhall. be à perpendi- 
at * * ö DAG 


- 


8 
S 


2 * unn. 
5 F a3 + 
b — 
3 
f 34 
0 1 
— . 
* 0 = * 4 4 . 8 
Fi 
ary 


* ſhall be basel, becauſe (by Props 8. ) all the ſid 
of the triangle DAB, will be equal e 1 i 
of ay e Bac. 8 2 - 
Fs Por. XII. | 5 
1 T0 let far. A perpendicular upon” a line] . 
from a point given without it A. 
Fig. 18. A as a center deſcribe an arch, ol 
ſhall cut the line in the points B, and 
then making the equilateral triangle B E Gul 
Wen. T.) che uo AE ſhall be: reren 
the line BC. 


Hemonſirat. Since the trian les A B D, 5 
A C D, have the ſide A D common, 40 £ 
equal to A Q, and the angle B A D being n 
equal to the angle CAD, (by Prop. g.) they © 
nel in every reſpeR, (by Prop. 4.) and the af © 

D equal on each fide 4 8 the line Me 

nr to the line BC, (by Do — 0 
e 8 
» FF? 9 ; 2 | \ 2: | ou 

The line Do falling upon ear line AB, my” 

two angles viz. DCA, DCB, ” bu 
Fig. 19. to two right ones: for if from thee 2 

Ca circle be deſcribed, the ſemi * 
ann wa pe meaſure n (by =" * 
* R 0 7. xv. | 1 

I; the t two ks Nb in the forcxing Bi . 
Dea: DC B, are equal to two 3282 * 
two lines AC, BC, muſt conſequently*make be! 


one line, which i is here the 3 of the 0 
ADB. e FO Pp 
R 


* — 2 _— 
tf 1 oy 
* R 0 r. XV. wh. 46 4 7 


When two Hive,” 8 B, D. en 
as in the point E, they form four an- 
gles, of which the pppeſite ones are Ng. 20. 
equal, as BED, CEA, becauſe either 

of them contains what is wanting in the ang 
REC, to > make two right ones, (by Prop. 13.) 


| Hap 


' COROLLARK 1.» 


| 1 the line EE, cuts the paralicls AB; cb, the.” 
„angle E HB, ſhall be equal to the an- 1 
ae CG F; becauſe the two parallels Fi, 121. 
may be taken for one line, and then tue 

two angles are oppoſite, as before, (by the 
e ceding.) Farther, becauſe the angle AHG i 
equal to the angle E H B, as the angle H D to 
the angle C GF, | being op ppoſite ; therefore-the 
four angles E HB, AHG, HGD, CGF, ſhall 
all be equal, the angles CGF, EHB, are called 
outward alternates; the an os AH G. HGD 

W inward alternates ; the * EH, H al- 
ternatively oppoſed. Theſe three ſorts of an les 
are then equal, when the two lines thus croſs“ Fby 


two oy thus croſs'd by a third are PTR: + 


Prop. XVI. and XXXII. 


If any ſide, as BC, of the rings BC, be 
produced, or drawn out, it will make 
the exterior angle A C F, equalto both. "Fig 2. 22. 
he interior and n. angles: A and Bs | 


1 ; 


a third are parallel : and when they are equal, . | 


© Able 


* 


X _ — —— 6 —— 2 — — p 5s m5 ren re — — — 
— «. ot Ft bo CIA i. l06- 
0 _ | * La 
: * ö £ 
t 
” 
1 A * 
, , 


rr 


—— — 


Will divide the outward angle into two parts off 


| TOs B, ty the preceding: * 


two right angles: ſor. the outwal 


A0. angles bf another 8 _ — 


9 Hen, ite to the ſide A B, ſhall be leſs tha 


—— 


— — — — — any nes ery - 
TB CEE a edt En ͤ]— — as. AH" 2" | 


f 
. 

ö 

. 
; 

| 
* 
Y 


le 12 4 5 
Demonſtration.” Thro' the point C, let the line 


CD be drawn, parallel to the line AB; which 


Which the firſt, viz. ACD, will be equal to the 
angle A, and the ſecond, 'viz. DEF ; * 0 


#72 3's be:  COROLLARTES. 


1 


1. The thige angles of a trian le are __ to 


angle AC 


with the adjoining angle ACB, are equal to twallly © 
«right anes (by ark: 13.) therefore the angles A, | 
B, with the ſame angle ACB, are * to tc 
tight angles. 
22. When e atrianglehasone engl, right 
r obtuſe, both the other angles muſt be acute. ; 


3. If two angles of one triangle are equal . 


N 


wos de AB of che wiange ABC is ſhon 
| than the fide A C, the angle C, opp 


the angle B, oppoſite to the ſide A 

Take AD, equal to the fide AB, and draw BD. 
Demonſtration. The ſides A B, A D, of th 
trian viengle ABD, being equal, the angles ABI 
ſhall be pww3x (by Prop. 5.) but the ang 
-ADB: being an outward angle, is greater tha 
the angle C, (by the preceding) therefore the ang 
AD will be greater than the angle C, and cor 
ſequently the angle ABC will be fo much. great 
"_ the angle * | 1 
PAO“ 


K 13 1 
Far. XIX; 


EIT PEN fig s 
angle e er 

than the fide AB. 1 525 155 3 
* Demonſirat.. If che ſides AC, n greater 
than the fide AB, eicher it would be equal, ant 
the angle B would be equal to the a is C, (by. | 
Prop. 5.) or it would beteſs, and © 3} 


would be greater than — 5 2d 
ceding) boch oth. of WE JO NE to- 


fup . 


3 


Prop. XX, XXL. ES 


The t two rides AC "OW of PTY taken 

| together, ate longer than the third . 
W which being a right line, is the ſhorteſt Pig. * | 
diſtance from the point A, to the point 
B. In the ſame manner the lines AD, DB, are 
longer than the lines A, CB, E | 
farther diſtant from the right line A AB- | 


Prop. XXII. JF 


* 


CD, EF: Fieſt lay down @ right line! © | 
equal in extent to the line A B, then Fig. 2 . 
open the compaſſes to the extent CD, 

and with one Foot in the point By deſcribe an 
arch; then taking the extent EF, between your _ 
compaſſes, with one foot in A, make another arch 
to cut the former in che point G3 ſo mall che tri- 
angle AGB, (by Def. 14) be compoſed: of hbe 
line AB, and che lines AG, BG, 2 we 
gi en Jines AB, CD and EF” | 


To mak a triangle of three gn lines AB, . + 


Prov. 


. 
. 41 
- $38 
1 
''SF 
[ 
if 
7 
. 
i ? 
} 
B38 
$34 
1 
iq s 
* 
Ly 
[4 4 
1 
+: 
1 
1 
31 
z 
. e 
£ 
*4 
1 
1 
'F 
* i% 
1 
14 
v3 
1 
2 
£4 
: $5 
38 
ke. 
4282 
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1 
1 
; 
2 
471 
1 
1 
yt 
$ 4 
23 
/ 
14 
i} 
iN 
. 
1 
41 
11 
11 
1 [4 
7 


— — — 


ä Fig. 26. the point E, as a center, decribe 8. 
{hits arch DF, and from the point A, with 
the ſame extent of the compaſſes, deſcribe another 


P 6 P. XXII. 20 


To make on the paing A, 90 the line 4 B, 2. 
angle equal to the angle D EF; 


arch BG; then opening the compaſſes, to the 


diſtance DF, from the point B, as a center, make 


3% 27. and AB, of another: whien thoſe ſides 


if the angle D, is greater than the angle A, the 


an arch cutting the arch BG, in the point H, and 


the angle B AH, ſhall be equal to the . angle 


DEF ; ; the two triangles. being. (by * 8.) 
ana in vary _— 


S 1 R 0 P. XXIV. 


11 the ges DE, and DF, of one 98 are 
of the ſame length with the ſides CA 


% 


” 


ate 3 diſtant than theſe, that is, 


baſe E F, will alſo be greater than N BY 
which is ſelf-evident. 


Por. XXV. Ys 


1 the ade AB, of the dne ABD, is - wi 
===, ts the fide CF, of the triangle CEE 
Fig. 28. if alſo the angle A, be equal to th 
angle C, and the angle B to the ang 
F, the two triangles | ſhall be equal in ever] 
ee 

"Demonſtration. If the triangle CEF, bs Jaid 
upon the triangle ABD, in ſuch manner, that 


the fide C. F falls that upon the lide A ty ther 
wil 


AB. On the point C, make the 
DC E, equal to the angle C D A, (by 


f * 


Ya "3 . 35. s 5: 


in the angle C agree with the angle A,. and the 
angle F with the angle B; conſequently the line 
CE, will fall upon; the line AD, and the line 
FE, on the line B D, and the triangle A i 
perfectly 1 the e ABD. TI EATS 


'P * 0 1 XXXL. l : ; 


To Jos thro? PE ooh C, a YR parallel to 
the line AB: Draw a line CD. _ 


Fig. 24 5 
Prop. 23.) EY the line EC ſhall be weiber e 


the line Als > (by Cor. to Prop. 155 3 


Prop. XXXIII. 
If the be AB, DC, 206; ORAL 


and parallel; the lines AD, BC, ſhall. Fis ig. 30. 
be alſo equal; and parallel: Draw Ac. 


Demonſtrat. Phe triangles A B C, AD ©, 


are equal in every reſpect, (by. Prop. 4) becauſe 


the ſide AC, is common to both, and the ſide 


AgB, of the one, is ſuppoſed equal to the ende 
CD of the other; and farther, the alternate in- 


ward angles BAC, DCA, are equal, (by 
Cor. to Prop. 15.) Therefore the baſe BC, 2 | 
be equal 8 dale AD; and the angle ACB, 


equal to the angle CAD; eee B rin 


will be W to r 


Por. xxx. 
If AB is parallel to DC, * 4b 


parallel to BC, the oppoſite ſides, and Fig. 30. 


angles of the parallelogram AB C D, | 
ſhall be — 7s Demon- - 


ration. Tue triangles ABC, ADE: 
Aab the baſe AC common, and the inward 
he 69 agg BAC, Ne nay hy ww, 
equal, wulf equal i in every reſpect, (by Prop. 
25.) therefore AB is equal to DC; BC, equal” 
to oy and We B, equal to e ange B. 


Pn 0», XXXV. 


11 the” Paraliclogragis ABCD, EFED, have 
-,*- the ſame baſe CD, and are between 
Fig 31. the "fame parallels CD, AF, tiep 
ſhall themſelves be equal. 
Diemonſt. All the fides of the triangle ACE 
being equal to the ſides of the triangle BDF, (by 
the preceding) the two triangles are equal (by 
Prop. 8.) Therefore if from each, the triangle 
BGE, which is common to bath, be taken away, 
the ſpace 15 which remains of the firſt, wille 
equal to the ſpace” 2, the remainder of the ſecondʒ 
and conſequently the ſpace 1, with the triangle 
d ele or the e ABCD, will be 
She to the ſpace 2, with the ſame W 
CDG, or to "_ pang EFCD: 


3 16 = 


V 


9g 


Prov. xXXXVI 


* the viritieidertins ABCD; Ex GH, which 
f Aare between the ſame parallels AG, 
Fig. 32. BH, have their baſes BC, EG, equal; 
| they will each of them be equal to the 


parallelogram BC GE, (by the! preceding) and 
EC tag + one to IA 5 | | 


. x 62 
. * 0 


e En 
PROF. 


6 * * 
* or. XXXVI. 


If hat ABC, CKG, are tw : 

lame Parallels BF, AG; and the baſe 
AC of the one, equal to the baſe CG 8 £2 
of the other, they are equal; becauſe 

the one is the half of the 2 ABD = 

ind the ether A. . half of the parallelogram 


err, (by which is equal 'to.the © 
Fee 
Y * "Prom XII. | 2 
E MW If the Triangle ABE, has the Gmc Baſs RY 


YY Ws the parallelogram ABD, and - 
7 ands between the: ſame parallels AB, Fig. 34. 
le E, it ſhall- be the half of the paral- 

> W:logram ABCD; in the ſame manner as the 

3 riangle AB C, which (by the TNT 1 


qual to it. 


I 


FO 


P * 0 7. „XL Vll. 


If the an ge. A f the triangle APC is nete, 
he ſquare f the ſide FC, which is | 1 
P ppoſite to it, Mall be equal to the Fig. 35. 2 
» Wquare of the lide AQ, nad, the ſquare | : | 
f the fide AF. | = 
Suppoſe the three fquares to be each made- 


1aV; pon its proper fide ; the lines CA, GA, wilt 
the Wen become one line, as will alſo the lines FA, 
and WA, (by Prop. 14.) draw F D, and AB. Ifay, 


"Mat the "Ring AE, being drawn parallel to the 
ze B C, ſhall divide the ſquare FB, into two 
1 Qangultir parallelograms z of which * 


* - — 

_— - 2 
FF ·⸗ EEE ap FA ̃ P Lt om AIAN 

* 2 ee 
A, 

3 [ : 

— 
2 „ 
n 


22 2 * 


8 


Fe | fide CD, and the angles AC B, FCD, are all 
angle FCA. Therefore the half of the {quan 


| 18 5 
CE, ſhall be 7 1 to the ſquare of the ſide ro 


and the other.F E,. equal 10 the: ſquare of th 
os AP... 

 Demonſt. The triangle F CD, having the 
Go baſe CD, as the ſquare DA, and being be 
tween the ſame. parallels F A, C D, will be ju 
equal to its half, (by Prop. 41.) i in the ſame man 
ner the trian gle A B C, will be half the rectang 
CE. But . triang le FCD, is equal to th 
triangle AB C, (by R 4.) a the fic 
CB is equal to the lde CF, the ſide C A, to th 


equal, bein each compoſed of one right, and th 


„ *RD; i» equal to the half of the rectangle CE 
and conſequently the whole ſquare A D, willh 
equal to the whole rectangle CE. 
In the ſame manner it may be ſhewn, that 0 
ſquare F G, is N to the RT F E. 


3 


tl 
ta 


DEFINITIONS. , 


| Reftangle, is a Parallelogram, which b has _— 
all its: ee rignt. ; z 


2. The area or Content of a rectangle, is 
the number of ſquares which it con- 

tains: Therefore to find the content, Fig. 1. 

we multighs the __ by. the breadth. F347 


3. A rezanile is ſeid to be contain's under | 
two lines, one*of which expreſſes its 2 lj 
length, the other its nd” Thus Fig. 3 
the rectangle D, is & CODER under we 
ines AC, BC. Y 


4 The Base or r Diagonal x a 
rectangle, is a line drawn from one hin 22 
angle 1 another which: is e 


4 * z " 
& A” 1 : 
- : * 
* % 
„ 


rer. L and ll. 5 12 © 


IE the gde A B. of a bebte + 8 

B CH, be divided into a certain Fig. 3 
Number of parts, as ſuppoſe three, and : 
O OWFpon each part be form'd a rectangle having the = 


— — - 
- . By 


— 


— ̃ ,,,, 


8 1 
——— —— 


14 * N — 
) ; 
5 


Ts 


tame height AC, with the rectangle AB 0 H. 
5 1 three rectan les ſo made, will be equal to thi 
rectangle ABC For of theſe rectan les A 


| DG, ED, is compoſedthe rectangle A 
PR oO r.  :. 


II the line AB, be divided in the colnet i 
- = _ the perpendicular A D, be equal to on 
Fig. 4. of thoſe parts, as AC ; the rectang 

ABF D, will be 3 to the ſquan 
of the part AC, to wit, + and th 
reftargle CEF B, Which has 1 part ACC 0 
its d, . he other part CB 1 its len 


LI 


Ir de. the point b. of the deeper oft 
DB, be drawn two lines parallel to th 
ig. 5. fies BA, DA; there will be form} 
four rectangles, 'of which the two dl 
are croſs'd with the dingoma will de ſquare 
wit, G, and H... 
Demonfs. All the angles of the Parall | 
G, are right, (by 34. x.) farther all its dae 2 
| equal; for in the right · angled, and iſoſceles ij 
angle D B A, the equal angles B, and Day being 
(by 5. 1. equal but to one night, are each of th 
half right angles. So in the 3 triang 
BIC, the angles I and B, being equal but to« 
right, 'the an ele I, will behalf right angle, 
the angle B; gas conſequently the ſides BC, C 
will be equal (by 5. 1.) as alſo their oppolit 
9 and the reQaogle G, will be i 


- 


1 IW. 


1 the line A B, be divided in hat point ©, is; | 
hole ſquare of the line AB will be 
qual to the ſquare of the 78 art AC, and Fig. So. 
he ſquare of the part — and two 
ectangles whoſe baſe ſhall be AC, and height 
IC ; that is to ſay, the ſquares G, 2nd . and he 


angt Bangles L K, (by Lemma 3 = 
quan 5 7 
ti 5 P * 0 r. V. f ke "1 
Ck 4 0 5 


th, If the line AB, is divided equally | in the root 
. and unequally in the point D, the 80 
Aangle of the unequal parts KP. - Ft: 6. 
B, with the ſquare of the line 8 ; 
Cquaniil! be equal to the ſquare of the part CB. _ 
to ly Demonſt. The, line D Gor AH, is l 6s | 
forme line DB, (by Lemma preceding) and the line 
vo E, is equal to the line CA, by the ſuppoſition ; 
erefore the rectangles DE, CH, are equal; and 
do each be added the beten DF, then will 
ode whole ſquare CE, be equal to the whole 
des ure K DA, which is compoſed” of the reftangle = 
es i the unequal parts DH, and * the 9 of 
„beine line CD, or FK. xi 
of th | " Bo | * 1 
triang por. vt. . Ti 


* rwe line AB, be divided equally in the point | 
„and to it de annex d the line BD; 

e ſquare of the line CD, will be Fig. 7. 
Nil to the rectangle KA, whoſe 5 
Neth is the whole line AD, and breadth the an- 
x'd part BD, with the ſquare HG, whoſe fide 


be line CB. : 
Dann. 


to the ae C K. 1 . 
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| Demonſt. The line BD, or HK, is equal tolf 
the line FA, (by Lemma precedin ) and the lige 
A C, or CB, is equal to the line f 13 therefore 
the rectangle K I, is equal to the reangle CF; 
adding then to both, the figure G CDE HI, the 
_ reQtangle KA, with the ſquare GH, will be equi 


a 


. P R OP. xl. 


If a 1 + be ny upon the line A B, i 
one of its ſides, as A C, be equaliy di- 
Fig. 8. vided in the point D: 1 farther, the 
line DG, be drawn equal to the lim 
BD; the uare AGHF, ſhall be equal: to the 
reang le F BK 
Demonft Since the lige AC, is equally i 
ded in the goint D, and is lengthened by the lin 
AG, the rectangle CH, with the ſquare of tht 
line AD, will de equal to the ſquare of the lint 
DGor DB, (by the preceding :) But the ſquat 
AE, with the ſquare of the line AD, is alſo equ 
to the ſquare of the line DB, (by 47. 1.) The 
fore the ſquare AE, is equal to the rectangle CH 
taking then away from both the 8 CE 


FG. rectangle F * will be Gals to the 4 


» n—ney + * : * 1 
* N i Þ N 
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DEFINITIONS. 


"cutting it, we lay it touches, 

isa Tangent: Thus the line A B Fig. 1 N 
i uches, or is a Tangent to the circum- 
mM rence of the circle C. 1 ed Wes =Y 
e ws 2. The Sab of a TE is a n $54.64 
quart off with a cord line: or it is a figure ry Te, 2, 

equi undAM by a Fe. i and an Ne of 


"here tircle ; as ABC. 25A Z 065 825 
: CH 341 3:41 203 oy. 155 


e C3. A Feber bb part of a circle 


E. 


ſquacgpunded by two radii, or ſemidiame- Fi * 
a, and the included arch; 8 


. 4 An angle is e da in a ſegment, when 


HEN one line meets another without | 


Ne right line of the 1 F 

r the baſe, and the angular point. Fig. 4. 

Wo. 4 uches Fe Thus the an — Þ: 
IC, is faid Tow, in ee Of . 


vr ; 8 L. : 2 
$f — 
( : : 4 8 by : 
2 QI mY = R 0 „ 
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4 f 3 * 2 * 
» PR. £ * 85 
36 8 : 
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Paor. "0 


WEE ko re, If from the- widele of the Ins del 
r iT. 5. be rais'd the perpendicular AF, it ſhul 
aſs thro the center of the circle FBC, 

Diemonſl. If any Point E, not in the line AF 

be the center bo the circle FBC, the triangle 

BEA, CEA, will be equal in every reſpet 

(by 8.1.) then would che Ine EA. be perpendicy 

lar to " and not FA, as was 3 


POP. I. 


Ik IX the. center D of a ein 
2 6. 55 be drawn perpendicular to AC 
it fhall divide ce line AC into tw 
equal parts BA, BC. 
| Demonſt. In the triangles ABD, CBD, whid 
are — of the point B, the angles E, and A 
being ui Ws 1.) their complements BDA 
BDC, will ſo equal; and becauſe BD | 
common to "SO triangles, and the ſide D4 
equal to the fide DC. the two triangles ſhall N 


ct, &y 4+ 3 HIP x baſe 


ib VIE „ 


8 ' If from the point A,i in circle, of which it 
naiot the center, ſeveral lines be dra 
Fig. 7. to the circumference ; the line AB 
which paſſes thro? the center, HY 
be longer than any other as # & 4 
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T7 * 1 

per The line ACB is + 

wo ſides AC, 177 of che triangle AC 

on it is longer th an the ſide A 9 20; 1. my 
Again, A AD ſhalt be longer than AE, Wien 

"farther diſtant froth HE CER 5 07 2560 

| Demonſt. The lines. AC, 2 D, being of "TER 

ame length* as the lines A C, C E, and making 

he angle AC D greater that the angle AC] 

will alſo make the baſe A PE: the he 

AE, (by 24. 1.) 

Laſt 7 

hall be leſs than any other, as AE, &c. ea 

Demonl. FA, with AC, are equal but to CE | * 


ereas AE, with AC, are DF; than * 
7 20. 1. 1 5 2 . my 540 LP © 


Px 0 7. . XVI." 1 
If 1 line BO perpe ar 7 2 
ze end of the Lin A 18, it wall Figs. | 
uch,.. or be a tangent to the circle. 3 
Demanſt: If it were to cut the ales ome: of e 
s points, as C, would enter, or be within the 


rcle; and the line A C, being oppoſite to the 


ght angle B, would be 2 than the line A 5 
bich is s oppolte to to an e 85 1% ; . ny (b ” 


# 2 


oy 27S 
- 1 Mp Ai 


12 4 . 


Ifthe linZ AB tuch the 3 l 
cuts it; the angle BAC ſhall be 
aſured by half the arch AC. Draw Fig. 9. 


dm the center D, the line DE, perpen- 
var to C A; fo that it 


may equally divide the 
e AC, in the point G, ESR AG, in 
> point * "ou . 3: Te 5 


Denanſt. 


2 2 « 


1 


1 IF 


AF, hin: makes one line with ACB, | 5 


. 
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_ Kn 1 

ue: The angle AD G, with the angle 

are equal to one righ icht, 48 2 he. 
IT 


with the ſame ang a 25 
neee 5 (by 16.1.) —.— the WR BAC | 
is equal to the angle ADG, which! i is meaſty f 
by EA, ee AC r 

" The angle CAB, Gall be alſo, meaſured by half | 
the arch HA, becauſe. (by 16. 1.) the an ngles 
BAC, CAF, n merle by, balf the 


whole circle, 
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"The 2 Ac. whole Ws point be 
the concave circumference of the circle, 

Fig. 10. is meaſured by half the arch AC, upoi 
which it. reſts. Draw tile tangent "DBF, 
Demonſtrat. The three angles DBA, ABC, 
CBF, are meaſured by half the citele, (by 1% 1 
the angle DBA is meaſured by half the arch BAM 
and the angle CBF by half the arch CB, Me. 
Lemma preceding) — the angle ABC ſha 0 
be ten by gate the W | 
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Tele . cemer of a erde . 
7 an the angle ADB, at the circums- 
' Fig. 11. ference ; . ſince (by «> Raf preceding} 
the latter is ered by half, ane th 


former-by the whole arch 5. 
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- SEAS ok 
1 at the NEE inlilift g in the 12 8 


C 

cch are equal; each. having for its 2 (by 
anna preceding) half the arch. 1 9787 which it 
hall: eſts. e FRO 5 8 1 1487 891 Saf N R 8 
ales! 4 | 185 e of 5 | . X 
the . K 4 0 5 P. . f ; ir 20 4%, | = 5 | bo * 
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I the four angles of the OT TINGS 
BCD, fall into the circumference o dd: 
-- 718 the Pimps angles. "Ba Co C/ | Fes 12. | 
hee WB, D, are equa to two right a = 
= he angle A is meaſured by bc =P BED, „ 
pen nd the angle C, By half the arch BAD. 5 


BE. 
BC, | P RO P; XV. . 9 Ne 95 x 85 

1 | 1 
Ty To find the center "of a cifcle. 838 ergunfe =, 
e ence hall paſs through three given 
mal oints, A, C, E- Biſect the lines AC. Pig. 13% 
E, in the nts B, D, with the pet: 

11 endiculars 1 their Sat of interſection 

— 1 


I, ſhall be the center of the circle; ſince ( 
3.) both the lines 2 57. YR 
rough the centers BY 


= 4 = 
; - CEE. 
.Þ r. # $6 Sau ; 5 
R 0 0 XI. N ws ES St tees BUYS 
Y 7 


H an ad at the — A B C YE 

pon the ſemicirge A C, it is a right 1 
gle; but the angle BDC, which Fig. 14. 27S A 
[ts upon the arch e reater tham „ 
n is an * ages and due yo * 


| Ti 23 1 } : 
'CaB; reſting upon the arch BD C, leſs than 1 
 fatciecie, is an acute ag 3 all which | is Evident 
| from Looms 2. preceding. 


por. XXXII. 


1 y you dab the tangent BAC, and the fn 
Ad, to cut the circle in the point of 
Fi ig. 15. contact, the angle CAD ſhall be equal 
to the angles of the alternate ſegment 
AF D, becauſp ( by Caine 2.) both are meaſured 
by half the arch AB. In he ſame manner the 
angle BA ſhall be Ein to 1 the why of 
the. Peet: AED. 


* 14 - | 
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* 
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To deſeribe upon the line A B an arch whok 
half ſhall, be the meaſure of the angle 
Fig. 16. C. Make the angle BAD equal 9 
the angle C, (by 23. 1.) then having 
drawn AF, perpendicular to AD; make the angle 
AB E e qual to the angle BA F, and the line 
BE ſhall it the line AF, in the point G, which 
mall be the center of a circle, in which the equi 
lines GA, GB, thall be radii,” (by 6. 1.) The line 
AD is a tangent (by 16. 3.) and half the arch Al 
the meaſure of the angle © RAY P, or the be 
(by . fur , 


Labs Pr. 0 P, xXXXIV. 


43 10 cut off an arch AC, of a circ 
5 17. ſuch, that its half ſhall be the juſt me: 


' ſure ol a given angle D; or having! 
oats 4 2 Circ 


e line 
which 
| equi 
je line 


ch Al 
gle 0 


Shall ſerve a as 


e 
circle given, to cut from it. a ſ men ble to 
contain a certain angle. Draw the * 
make the angle BAC equal to the a; 
half the arch AC " be the meaſure 


thereob, 
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DETINITION S. 
| Reviilinear 7k is ſaid to be inſcribel 


in a circle; when all the angular point 
-__ - of the former fall into the circum 
Fig. 1. rence of the latter. Thus the trianglt 


ABC i is inſcribed 1 in the circle ABC. 


2 A rectilinear figyre i is deſcribed abode a cis. 

cle; het all the fides thereof touch 

Fig. 2. the circumference of the circle. Thu 

FEE EO ingle "ARC Is deſcribed about th 
PT. ** r 5 

3. A line i is inſcribed in a cirele, when its ex 

tremes touch the circumference, Thu 

Fig. 3. my ix AB is e in the circle 


3 rar. 


To inſcribe in a circle AE BD. 
| Fig. 4. line BC, not exceeding its diameter} 
% take between the feet of your compaſſ 


ide "ep of the line BC, and N one * ar 


1 
Ly 


——Y JF ICY 


cutting the circle A P in D, and E; then 
A BC, * We I). 0 eh 


1 59 
| To inlerihe 4 in a circle {raved Fe, 4 ui- 
angular to ànother triangle KB C. 11 
= Draw the tangent FD Bo 2 5 . . "Figs. 
— e EE & equal 
in equal to the _— and t 2 e 

ume. to the angle C then draw the line 


— to the triangle A 5 His 

angle EGH 

but or A . al 5 21 11 

u conſequent "Io angles B and. G are equ 15 

zut ton Ax. 2.) by the ſſame reaſon the angles C 2 

7 we lou then FTE of 16. or > 0 
les A and G E H bl NB e : .there- 


or ” i . 8 "er 


2 j IN », 89 „ 
| 2 * Fe. 5 


2 25 1 Wt, AL! phe. e a 


HK, equiangular to another triangle 
c. Produce one ſide of the given Fig. 6. 
ol riangle, as BC, towards D, and Eng then 

make the an gle 1 * equal to the angle ABD 
and the og HI K equal to the angle AC F, 


a the tangents I. GM, LK N, and NH N. 


brough the points G, K, H, and they ſhall concur 
n angles equal to the angles given. 


Vs Dana. 


at ihe extremity mW, 10 in ap: a . 8 | 
draw. the line BP, or 1 equl . 
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To defends. a triangle LMN, about a ciel 5 


— ' “k pn or 21 t. 


——— — —— —-— ES 
— —— — 


tangents, are right angles; 3 therefore the afipla 


ABC are e * Cort. 2. of 16, L \ 


Fig 7. dtaw the lines B D, and 


the diſtance 
have the angles E and F equal, being. both right 


the fide DB common: therefore the triangles 
be equal in all reſpects, (by 25. 1.) and the f 


circle may then be drawn, which ſhall paſs throw 


1 32 15 

8 An the 6 of the _— 
ral G IHM are ual to four right angles, bei 
_ . cauſe it may be divided into two triangles. T 
angles IGM and IHM, which are made by th 


M and I are equal to two right angles, as are all 
the angles AB C, and A B D: but the ang 
Gli, is equal to the angle ABD: therefore ll 
Aaggle M, will be equal to the angle ABC. 6 
the ſame reaſon the angles N and A 5 
equal; and therefore the triangles LM N 


3% 1.) 
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7e inſcribe a circte EFG, in a trian 2 AB 

Biſect the angles B, and C, Wh nd | 

which 

will concur in the point D; from * 

point draw the perpendiculars DE, D F, 

DG, which will be equal, (by Defi14- I.); ther 

fore a circle ee from the center! wi 
E, will paſs through P and G. 

Demonſtrat. The triangles DE B and D 


the angles D B E and DB F are alſo equal, an 


DE and D F equal. In the fame manner 
the ſides DF and D G be proved equal.” 


the points E, F, G; and becauſe the angles E, 
and G, are right angles, the ſides AB, AC, a 
BC; * will touch the circle, which will conſequel 
bs be inſcribed in | the triangle, | 


PA O. 


N 1 

4 CY : : 8 25 1 
K 0 P. 5 9 > 

3 2 4 «+ 


=—_ To deſcribe a circle | 
rp. 25. . 


To inſcribe a ſquare | in a circle A 
deſcribe a ſquare about. the faid circle. l 

aving drawn the two diameters A B NR. . a 
and CD, cutting each other perpend : 
ularly at the center E ; for the inſcribed ſquare, : 
raw the lines AC, CB, BD, DA, and it is 
one: and for the circumſcribed ſquare, it is made 

dy drawing the tangents F FR 7 e IF, 3 

which is evident. „ 
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D, or 6 


1 HF & ob 1297 "TW 
* * 0 P, vm 1 8 
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To melde a circle in a ſquare. es oo 42 7 
ect the ſeveral ſides, and the ain 85 


rhere the HAR. concur, wi 
mer. .- 
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To rn a 5 Na 8 1 3 
Draw the diago A 2 v. F. d. 4 
e point E, where they'© cut ch ks, 8 
il be the center. 8 
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5 be wal to the rectan e under A 
7 as Es Ind 200 190 if 


| 705. 5 | 
2 "Dal e lon. "Sibce the ſquare of A 85 
And the line” BD tbiiches the circle AC 


' ſegment & A B, (by JT 3.) Now the ang 


0 B 5 A. 
equal to the angle AB D, (by 5. 12800 thereſt 
_ "DCB and D BC. are equal, _—_ 6. 1.) 


the _ ” 
. t Por. XI. 
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To Aetelbe 2 an Ifolceles Rte A BL \ 

ing the baſe angles B and = 
0 9. double to the angle A. Divide | tl 
line AB, (by T1. 2.) fo that the ſqua 


* 4 
2.9 


om the center A, at the gin 

deſcxi 21 Arch BD D, in Which draw Bl 
E 90 0 then drawing the line Res, & 
Aide 5 circle 7 A WOE: the, langle AC by | D, I 


5 3-23 it; 


t ii 
point D; therefore the angle BDC wil 40 
to the angle A, comprehended in the alterna 


8 "BD. is 5 Equal 5 the rectan; le of A Ba 10 450 


Sim — — 2 ——_ — 14 = 


ED. bei external angle in reſpect fl 
e AD, | D, is 12 0 to the gle A, a 

5 tet the angle BC D is equal to { 
Faro,” the angle A DB 


ſides BD and D C will be equal; and 15 Bl 
is equal to AC, the ſides ic and C D will 
9 DA. 2 2.) and ſo likewiſe the an les! 
- and C e te the er ble, Is doul 


of 


| | 


5 120008 ines A regular Pentagon f 

M. 10. circle. Deſerſbe b preceding 
iſoſceles triangle A B C, ein 

an! 
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(by 2 2.) inſeribe withinthe circle the triangle 

D 'F F, equiangular to AB C; next divide the 

angles D E F, and D FE Lach evo 

parts and draw the lines E. and FH; 

join the lines D H, D G, 6 F, K H, and you 

vill have defcribed-a regular Pentagon, that is to 

| , a Pentagon having equal. hides, and 8 
an es. * 7 3 
Penn." The Abe DEG, GER Dy, 

and HF E, being the halves of the angles DEF, 

and DFE, "each? of which is *double "to the x ge 

EDF, are equal to the angle EDF; and con 

quently the five 1 5 upon which they reſt; 225 . 


Ct . 
Ae cqval, 21. 3.) ſ econdly the angles DG F, | 
L er 0 Oe. "having "tick" Mhite"d "thoſe « 
e ches for its baſe; in be alſo equal, (by A. Ty 1 
em cherefore the fides and he 12 me Cu 7 
ang Es F . Are equal.” | os 0 W e aty 
Te 8 R 0 r. XI. ; 5 | 5 2 9 


To ade a agg about a Teil Inferibe 


cerca regular pent; een A CD E, in the =— 
. 1.) circle, (by the preceding] and drawing Ek. 17. 1 
ice Bangents thro? the points A, B, C, D, 1 


(by the 16. 3.) you wilt have dekerived > regular 
e about on Firele., 7 
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To inſerive a ak] in any + Palo b or 
to deſcribe a circle about a regular Polygon. Bi- 


gon ea any two ſides or two angles not oppoſite, 
ding) and where the lines concur ſhall be the center. 
ing 20 


B, and C at the baſe . the angle A. Then P f 
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To inſcribe a. regular Hex on in e, "od 
ABC DEF; des, the diam 
At. n 1. AD, men with the compaſſes open 
to; the radius of the circle, ſet one % ; 
an, the point D, and deſeribe the arch CE, thalllf 
draw the diameters EGB, and CG F; and the 
_ lines A B, AF, er ſhall form the Hi 3 
egi EET} on AAESS 
Demonſtration. | Ti is evident, that the: eriagh 
c DG, and D GE, are equilateral ; therefor 
the angles. CGD, DGE, and thoſe oppoſed 7 
them at the top BGA, and A G FE, ate esch 
them the third part of two right angles; that 
ta ſay, contain 60 degrees each. Now all th 
ang] e that can be made about the ſame point, 1 
equal but to four right angles, of 360 degrets 
therefore taking away four times 60, that is, 20 
from 360, there will remain 120 for BGC, 
FGE, which therefore each contain 60 dene 
conſequently all the angles at the center bein 
equal, all the arches and all the ſides Will 
equal; and every angle, as A, B, C, &c. will 
compounded of two angles of bo degrees eat. 
Lg: * TAY degrees, and therefore will be IM 


COROLLARY. 


| The ite 0 of a « hexagon is qu to the 40 
Lumen, 1 
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Inſcribe in the circle an equilateral tri- 
angle, (by Prop. 2.) and a regular pen- Fi , 1 
3 (by Py I 10 ſo that the = : . 
may meet at the point A, the line BF, will be the 
ide of a Pentedecagon. . i 
Demon. Since the line AB is te ſide of wy 
equilateral triangle, the arch, AEB will be the 
third part of the whole circle, that is, five fiſteenths. 
But the arch AE, equal EF, being the fifth 
part, will cöntain three fifteenths, conſequently 
he arch B F, being one third'of 815 will be ons 
. 4 3 AT Bp © 


ra Supplement 1% this Fourth: Book 7 Euclid, 
may be added this: practical method, to divide a 
are circle, as AB C D, e e 
S, 24088 parts, not exceeding te. | 
C, WH Deſcribe a. circle, whoſe center let be E. and 
roſs it with two diameters A C, and 


nd ſet off from the point A, AO, and 
„equal to BE the radius, and — 
Es Al OQ be the chord of the third part of the cir- 
le; then join AB, which line AB will be the chord 
{the fourth part; upon L, with the diſtance LB, 
eſcribe the arch BM, and j join BM, which line 
____ Wal be the fifth part; AE, or BE the radius, is 8 
he ſemile ſixth part; and LO, or LO the ſeventh 
5 biſect the angle A E B, and K A will de 


es at 8, and join S Q, which Will be the nin 
uf laſtly, EM ill de the chord of the tenth 


BOOK 


3 D, at right angles to each other; Fig. 14s 1 


e eighth part; divide the areh Q AO, into — 
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1 a "Leſſer HAN os WED wit 1 
reater 3 thus a line of two Fey is 4 0 


of one of ive. e 


2. A g which is doc contain 
*certai number of times in another is callda 


aliquot part: thus a line of two feet i is an aliqui 


part of one of four feet; but is term'd an aliqui 


part of one of five ſcet. An aliquot part take 


particular name from the number of times i 


_ centain'd in the quantity of Which it is a pat; 


when it is contain'd twice, we call it a half 
| Weis, athid; ; nee « fourth, Wes 4 


3. The Ratio of one | pine to another 
the relation that the one has to the other, 1 
regard to the number of times it contains al 
its aliquot parts: chus the: Ratio of a line oft 


feet with one of ſix, is the relation or relges 


has to a line of fix feet, in that it once cum 


its third * twice a4 EW 25 * m 


my Az 0 & FY * 2 8 b 
* 
. 4. . 


5 * * 
4. T wth PR two forts of Ratios: * 1. Wer 


two feet contains the third. part of a line of fix 
feet exactly once, in ſuch caſe the ratio is call'd 
rational. 2. When one magnitude does not ex- 


ities which are incommenſurable. For example, 


rec times the halt of its ſide, and ſomething 


A pb deing the exact meaſure * * my ? » in __ L 
the ratio is rational. | | 


5. In eyery Ratio Pt are ten terms, the 


e Conſequent : Thvs in the Ratio of the mag- 
litude A, ta the Une nitude B, A is the Amtece- 


A B the Con 


mes it tio is expteſs d, as B to A, e904 18 of F 
N atecedent, and A the ane 


6. If the antecedent exadly contains. its 955 
quent a. SEO. number of . Sag the aus. 1s 
ald multiple, and is 478 J ta be double, triple, ar 
nadruple, We, according as the antecedent con- 


fc. but if, on the contrary, the antecedent | is ex- 


Fr eee ee number of 
paſeguent,, the Ratio is call' ſub- multiple, and 


e words tub-doulye, lub wok or fub- quad 


. 


one magnitude exactly contains a certain number 0 
of times an aliquot part of another, as a line of 


aQly contain any number of times an aliquot part 
of another ; as it happens with numbers or quan- 


he diagonal of a ſquare is ſamething leſs than : 


ore than five times the foutth Part, Oe. ebe | 


15 of which is calfd the Antecedent, the other, 


equent 3 7 the contrary, if 


ns its conſequent twice, thrice, or four times, 


in its 


expreſsꝰd according to the number of times, 4 5 
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cedent contains its conſequent, or one of its ali 
antecedent contains three times the fifth part ol i ; 


one contains any aliquot part of its conſequent 
many times (Whether exactly or. not) as the ant 
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— I, 
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708; 3 4⁰ 3 | 
. We expreſs the value of a rational Rati by : 
the figure ſhewing the number of times the ani 


quot parts ; ; and theſe figures we call Exponenil 
thus 2 is the Exponent of double Ratio, and 
the Exponent of ſub-double Ratio. In the ſank : 
manner + is the Exponent of a Ratio, wherein Wl 


ene | 


8. Two Ration en ee or irrationd 
are ſaid to be equal, when the antecedent oft 


cedent of the other contains the ſame part of 
conſequent : Thus not only two Ratios de 
or ſub- qouble, triple, or ſub-triple, are equal, al 
alſo all rational Ratios which have the fame 
ponent; but even the irrational Ratios A and 
ſhall be equal, if the antecedent” of the Ratio! 
contains the third part of its conſequent on 
thing leſs than ſix times, and its ſixth part font 
thing more than eleven times, &c. and the al 
cedent. of the Ratio B, in the ſame-manner a 
tains ſomething leſs than ſix times the thitd pl 
of its conſequent, and ſomething more than ele 
times its ſixth part; and that the ſame maj 
ſaid of all the other parts both of the one, and 
'other conlequent, 

9. Proportion is an equality of Ratios: f 
we ſay, there is a proportion between the mag 


4 2 12 6 
elt B, C,D F the Ratio 


1 1 PE 


he quantity 4 (A) to the quantity 2 (B) is equal 

o the Ratio of the quantity 12 (C) to the quan- 
ity 6 (D) which Boar expreſs d in the fol- 5 
owing manner, A: B;: &: D, that is, as A is 

o B, ſo is C to D. Proportion requires at leaſt 
hree Quantities; for there cannot be two Ratios 
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If the quantities A and B are equal, they will 
aye an equal ratio to any third quantity, as C; 
or the quantity A will contain XY part of C, 
& many times as the quantity B will contain the 
me. In like manner the quantity C will 
ave the fame ratio to both the quantities A and 
becauſe it will contain any part of the one as 
pany times as it will contain. the ſame part of the 
NR.. ͥ Pk! oem hc 5s 
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Fei dl a o F. VIII. A '> os 10 | 
If A is greater than B, it will have a great 

tio to C, becauſe it will oftener contain any of 
| parts, On the © contrary, C will have a leſs ' 
tio to A than to B, becauſe the parts of A being 
cater than thoſe of B, they will be fewer times 
ain d in C. p INS, 
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Wo. 
If the two quantities A and B have the fame 
dio to a third as C; or if C has the ſame ratio 
Rate A 25 to B ; the quantities A and B are equal. 
N . PROP. 
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Theſe two » Propiion-ars amore s 
N ＋ 
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1 Pa 0 1 1 
Its evident, "that two, or ol 
is on to «thing, 2 


6 - Wt [7 1 > Pho 0 . X11.” Ms: 
: FAC B 0 'D, den by conjun tion 
C: Band D:: A: B. e 
Demon. If A contains twice the third paſt 
B: C will contain twice the third part of D, 


conſequently A 95 Cwil contain twice the | 
Parte of B and D. "At 


Pos Kn. 
E'7Y B: D. ee rhe 


B, than E to F, it is evident, that C will han 
greater ratio to D, than E to F. 


PA U b. XV. 


It ĩs allo evident, that Al is to B, a8 "this 
A to the half of B, the fourth of A to the fi 
r. 5 and ſo to the * aliquot parts of A, 
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rA: B: :C: D, A by dhe : 
ore :D, wore ines, or N for — | 
4 that is Al Nee re r or * 
* by H i 31 4 
Demon. I A is of _ en will C alle be-2 
« D; ſeei ng - therefore of B, are to F ef D, — FE 
0 D, (by the preceding) it 9 „ 
107 5 at A ; C: 1 1 | | | 0 li 
z If | Px 0 r. XVII. he EE. 
FA: B:iC: D, then dirifio FOOTY 
C le B: 1 oy * 


Nane, If A contains 3 :.'of By * vill. ao 

tain of D 3 then ab A tesB, is is equal to 

B; ſo C lefs D, is equal to 2 of Bz but f | 

is leſs than B, A lefe B will be a negative Ky 
anti 5 —— alſo be * „ 
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. Pao r. Xvi. „„ 
A: B:: ©: D, gum by ths more „ 
vil B:: C more B: 8 
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Demonſt. If A contains of B, C will contain 
FD; then as A more B, will contain 4 wk 
C more D, will * 2 of D. | | 
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| equality of ratio, A: E ; 
be the third partof D; and if B is the fourth] ü 


32 A will be the third part of 1 fo Cu 
the 3 n 1 12 ef | 


8 n 
. 
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A::D:C. 


therefore as B will be four times * ba Dm 
four times C. z 


| 200 tho” they ſeem appropriated to parti 


fourth parts, may be as FEY obſerved of _ 
£ * * 


Rs ; K 44 1 
- per. MY 
TfA:B::C:iD, andB ; E: D. 


Demmnft, If A is the third 8 of B C 
of E, D wilt be the fourth part of F z there 
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If A: :B:kE: F, 7 » GH . th 
interrupted ratio, A bo Kod. TIS 
NN 1 a, E will bo 
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8 If A: CH D, then 6 inverted ab 


Demonftrat. Tf Air is 4 2 of B, C will beg 
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caſes ; and may in the ſame manner be appli 
all caſes, both for commenſurable and incoꝶ 
ſurable quantities; for what is here ſaid of thi 
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Rectilinear figure is ſaid to be inſcribed in 
a curvilinear, when all the angles of the 
er fall exactly into the boundaries of the latter; 
a rectilinear figure circumſcribes a curvilinear, 
Wn all the lines of the firſt, if it be a ſurface, oer 
bee planes, if a ſolid, touch thoſe of the laſt. 


Ir all the angles of the triangle A B C are 


al to the angles of the triangle „3 
r, that is, if the angle A be equal Fig. 1. 


he angle D; che angle B to E; ang 
> F; the two triangles are call'd ſimilar. As 
other figures, they are ſaid to be ſimilar, when 
triangles of which the one is compoſed, are 
lar to the triangles which make up the other. 
us the rectilinear figure A is ſimilar. s 
the rectilinear figure B, if the three Fig. 2. 
gles which compoſe. the figure M, | 
ſimilar to the three triangles of the figure B: 


NS. art 
o parti 
e appli 
incom 
} of thill 
of any! 


B Of 


circular ſegments as C D are ſimilar when 


contain equal angles C and D. 
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produces 6, or expo 


exponent of quadruple ratio. So alſo the ral 
; whoſe exponent is 4 LY 
tio, the product will be its triple or triplicate Tati 


männer the ratio whoſe exponent is; 275 will 
triple to W exponent is'4 1. 


2 fi of the firſt to the laſt will be compoſed of th 
i Ra ratios ; that is, the ratio of A to\ 


*T- 4 Is 


2 ET Mr "7 ang are thoſe which in 1 
ttiangles are oppoſite to equal angli 
Fi 1. Thus the angle A being equal to 1 
angle D, the de CDywill Þ ve homol 
Sous tothe dee F. 5 


4. A ratio is 11 to be r of i 
ab. when its Index or Exponent is the pi 


duct of thoſe two exponents multiplied tegel 


Thus a ſextuple ratio is compounded of doull 
«and triple ratio; for 2, the exponent of doull 
ratio, multiplied by 5085 the exponent. of tui 

nt or ſexcuphe ratio. 


5. Tf the 8 of* any ratio be mull 
imd itſel f, it will produce a ratio double of duplicl 
to the firſt. Thus quadruplicate ratio is the doul 
of double ratio; becauſe multiplying 2. the e 
ponent of double ratio, by itſe]f, it produces 4, th 


whoſe. exponent is 75 is s double or ne doll 


6. If the S of an 110 Ge mull 
by the exponent of its double or duplicate 


Fhus the ratio, whoſe exponent is 8, Will h 
triple to the ratio whoſe exponent is 2. In lik 
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be compounded of the ratio of: A o. 
to C. : 
Demon. If A is the third} part of B, and * 


fourth 1 of C za will l x of a 2. . is 


CORO LL E da 


em e it cle chat ip eval ORG” 
s as A, B, C, D, E, have a common mo 
is to ſays i HA B= {BY C, and Bi; U:: 
D, &c. the ratio of A ©, Will be double . 
atio of A to- B; and the ratio · of A to Dent 
iple the ratio of A to. B, becauſe the ratid ot 
C is compounded of the: ratios of A to By 
bf B to C; and the ratio of A to D is com- 


ded: of the ratios N * of 15 to er: 
a ” 3 - EFF £754 EF 
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the cling een 051 BCD, are ofthe ſame: : 
t, that” 1s ſay, ſtand, between ES | 
ame parallels, the trian ke ABC. "0 10 | 

be to the triangle BC: D, as the 5 
A B to the baſe r ² 22 + 


monſt. Suppoſe the . 4 By: 0 be ws; 1 
part of the baſe B D ther drawing the 
CE, C Es to the points E, F, they ſhall 

the line BD into three equal party, and it 


5 that the triangle BC wil be equal 


e triangle BCE, (by 23 1.) which is" "bue- 
ird-part of the triangle | 


he'ſame-manper; 1, deinonſiravie; Unt i 
aſe A B wete but the fourth part of the bafe 
(the triangle A E would de but à fourth 
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If the line DE be drawn ** to thel 
Add, of the triangle ABC, it will 
Fig. 4. the ſides AB, BC, proportional 
.that is. to ſay, tie part A D. will 
to the part B D, as the PAL CE to they 
EB. Draw A E and D C. 
r The criangles DEA, Dec 
ng the ſame baſe D E, and being between 
8 parallels CE, A C, are equal, (by 
therefore the triangle AD E will be to'thel 
angle DE B, as the triangle DE C to the 
triangle DEB, (by 7. 5.) But the triangle Al 
is to is triangle DBE; as AD to DB, (by 
as is likewiſe the triangle C DE to the tr , 
D BE, as aum 3 therefore AD: DI 
CE: EB. 005 i= f "F344 4 a 29 
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Per. . 


17 the tria le A BC is "IR" tas hel 
, „ the fide DE will be to the 
he 2. 5. "a which i is homolc 0gous £0. it, 38 

ſide FE. Ps. pen is ſide 0 
Yoon, ED. take the line EG, equal to AB; 


n EF take E H, equal-to C; and d 


HBemonſt. "The. trian ele EGH;, will be eh 
| in every reſpect to the nal A B C, (by 
and the angle G will be equal to the angle i 
to the an 5 D; therefore (by Cor. to by 1 
line 8 H * be parallel to the line 


1 2e ae DG: At: 
| BF 48 TN LA. 


2-2 $0 irt 1510 roofs 
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If the Ale of the triingle ABC are 
Kal to the ſides of the triangle DEE; > 
that is to ſay, if . AB DE': LB 2 . 6. 8 
'F and:: A© N, the tus wan, A SC; 


4 "7 


L les are equiangulats - a Upon IIR deſtribe thi kri- 
age DF, 6 that the 2 D. map be equal 
” 7 le angle A, and the angle F to the angle C. 


Denamf. Since the triangle DFG-is: fimilar 
by. 7. 5 ') ec 6 Br DE; esche DD tis — 
qual. DE and in the ſame manner FE; will _ 9 


e equal to FG ; and the triangles DEF, DFG, 9 
in be equal in every teſpect, [by 8. 1.) Wan i 
DU « triangle DFE, will be equiangular to the tri- 6:4 
—4 gle ALS: IE r + + ACE. 

f Þ R 0 5. VII. 8 
uwe triangs. ABC has ane. angle ae 
bei the perpendicular BD ſhall Se 7 4 
az! into -twa. triangles, both ſimilar to „ 99 
t ; becauſe they will each have one 
59 e angle as the giuven triangle; and. will likes 
ie each ky one 8 IS 


PR 0=R IX. - 


. Toe” 
eber of equal paits, Draw the lin 2 „ F 
F, © «pau, ending opening. wi * 


— 


dv comply t off ſo many equal pet 
the line BG, - yo 12 to divide the rom 


into; en 
which Crain. 6 laſt, draw the line GA, 


. 


tgp. 


: "then: from the point i 


which drawing parallels tro the feveral diviſion 
of the line G B, to wit, FH, EL, DM. 
the points H, L, M, ſhall divide the line AB „ 


4 equal parts. 2 n 


' Demonſt.}'As the ine BD:: to. the line 0 


BM: 


of BG, 10 BM will be the £ of BA, GM. 
To make the Work Walen draw AN. 
rallel to B G, and ſet off upon A N the 

diviſions as upon BG; then drawing your ling 
from the marks on one, to the correſponding mi 
on the other, ſuch lines will be parallel (by 31.1 
_ _ e gen ine 1 be afro as ny 


To divide the line AB in proportion 4 the 
E. 9. lels AD, and BE, equal to the linel 


E, upon the line AD, beginning at the point 
d0 the ſame on the line CB, beginning at 
point C; then drawing thro' the marks , HL, 
lines HL, they ſhall divide the line AB, 6 
lines AD, and BC, 4 10 the e or asl 
* line E Was divided,” 


"4 


BA, (by 2. 6.) therefore as BD: is d 


"Ta 10 12 x} £952 
* 5 . * 0 r. x. 5 of : 1 S | 0 
9 161 af, £71 Y 


E is already divided. Draw the pati 


and lay down the diviſions of the li 


Prom Xl. 


, To: find 4 third oroportionls wi 
Fig. 10. Laid A and B. From the 1 


E draw two lines at * 


=» 


15 FY "1 2 
| range; then akin EO, 9 the nde ' "9 
ad the- lines OH, and = equal to the line 


| draw HL parallel to. ©! 3 fo ſhall the. ne 
TL be the third proportional ſought. 


Lan. EO:OH:: EK: 1.60 2.6, 4 
erefore A: B: B34 KL. E 4 « 


"Pm 0 P. A 


The bar ltd; if a fourth roportiona 
the lines ABC be demanded. For : 
jaking E O equal to A, OH * * 10. . 
CB, nod EE Y n | 
the fourth proportrotiat.. 


Prom. Xn. 


$ * 


To and 2 mean araportanal hal the line | TH 
and the line B. Upon the ſame line 
down A B equal to A, and B C Fi. 5 5 


ual to B; then having deſcribed a 
icircle upon AC, draw the perpendicular BD. | 
ich e be a mean eee between AB | 


Demonſtrat. The an gle A D C, being a fight 
ple (by 31. 3.) the — BD will di- 
le the triangle ADC, into two ſimilar 7 
Par (by 8. . &f IG AB: ys 


z 
© 3 * S % * 4 { Fox 
q . 
= T 


'P.n 1 0 . XIV. TY 1 . 1 


0 e equiangular are A). A t 1 


B are equal, their ſides hall be in Fig 12. 
e well ratio to 52 other; that * 6 a 


1 


1 


the fide BP i 18 to'the . as the 10. . 
nee Since the une Ay 5 
G they will have the ſame ratio to 4 third 0 

(by 5.58 e E: F G, by 1,6 

-an HF: FI, thereſore- EP: FG 

He: Fi IIS 

I.!n the ſame manner if: the ſides of the ſaid pt 

rallelograms are in reciprocal ratio, we may gon 

85 * 5 rde * wry 1 

© 


4 


T. 


nor) *I. 


If he four lines A, B, C, D are _ 
a paralledogeam: B. made with the bf 
Pg. 1 3; and fourth, the two extreams, will | 
to a fimmilar patallelogram PF, 
with 1025 ſecond and third, the two means, 
cauſe their fides will (by the preceding) be ni 
K. ratio, that is, the fide A: fide 204 | 
It. would be the ſame thing if the lines Bun 
Vene equal; therefore we ſay, that the ſquare 
a mean proportional is equal to the 9 
ine, errang. 263 - 


I he 19 AB, ©, cut t escha F 
5 circle, at the point E, the rel 
Fig. 14. contained under the parts AE, EBJ 
. the one will be _ to the rectal 
of, the parts CE, Y, of the other. | 
Dein Phe triangles AE C, DER 


the oppolits * E e (y 15. 101 


5 4: $3 0 
angles C, B reſiſting pb the ſame arch AD-are 
alſo equal, (by 21. 3.) thetefore they are hmilan, 
and een by. 4. 6.) AK : ED: CE: EB; 
therefore the rectangle contained uhder M, EB. 
will be equal to the tectangle contand under 
ah CE. (by nn 15 oh 5 en 


Ws: 


If band the point A without a dels he FERRY 
he line AC cutting the circle, and the 
ine AD a tangent, to it; the rectangle Fig. 15. 
contain'd under the line RC, and the | 
part AF, without the circle, will be equal to the 
ſquare of the Rne A9. 
Tg kan de „ CAD, ADE; "EY 
ilar, the angle A ba 87 A 
bn le C equal to the angle ADF . 
. AQ: AD :: AD; AF, (by 4. 6.) 
onſequently the ſqtrare of the mean proportional 
E #0 dog 
s AC, 


If oY ted mY x, 410 agel ati t 

X will be to 3 triangle B in 

ate ratio to the ratio between 8 
| 2 ſides. That is te 

aſe is double the 1 
1 be. quadruple the trlan 


Den. Dividing 7a, Be the 1 CEA. 


C0 RO 1 Ik. MAY 8 


N 4 
4 8 * 
3 . „„ 


, to the rectan e of | eto ex- | 


he point D, and LC 5 555 point E, a Je | 
ng DE, DC, it will appear, that the triangle 
LD is 18 to · the triangle B. * 1 24 be- 

D 3 cCauſe 


— —̃ — . ²˙ I og as 1 
* NT SY" CRE PET l 8 e 


| 1 


nt 54 1 —_ 
_cauſe the MY 1 is equal to the angle 0 and th 

fides' LD, LE, equal to the ſides GH and GU 
But the triangle LED, is + of the triangle LGN 


| being but 2 of the triangle LCD, (by f. 6 ) whid 


is itſelf bur? of the triangle LCM ; " thetclor the 
triangle B is + of the triangle Le. 
In the ſame manner it may be demonſtrated, th 
if LM is triple GH, or «go ruple, the triang 
A would accordingly | be mu, "of xteen times 


Nun By . 


red XR. 


os polygons A and B i 


« in ad 8 amologou 
. 25 . 


A0 han. 
Fig. 18.  parallelogram B will be com 

UN . line CD, 0 
1 and ofthe raus ofthe Ine GD, to the lf 


Demenſ/t. If ED is 2 of DE, vt. allel 
gram A will =] 1 r of the paralle I, dy 
be + the anther BY and the np 
A will be 8 ſea M30 em | 
4 n 


i 
x 4 
3-4 - 


* f D 5 1 
5 % 1 2 
8 
; 4 
* 3 4 2 2. 5 * ! 
15 1 4 ES” 443 1 
* : 
* 


a$ 


4 ** a: * 
& 


: 
. 
4 


* 


* BA EY #74 
in the point 


wh, 4 5; 


— 


hat the rectangle contained under AB 
d BC, be equal to the { uare of AC, Fi 1 
[by 11. 2.) then is ſuch une divided in 8 


xtream and mean proportion; beca 
7 rn 1 6 ny 3 uſe AB: 
C: AC: CB, U 


5 


8 F & FFF 


oY * © + A 4 4 


2 . 2 Ds Ie nec ts are — 


DEFINITIONS. 


- Solid is * e wherein we confi 
length, breadth, and thickneſs, - 


ht upon u nag 

| I the ling 

be N 1 rat Ion lin 

9 the 

angles CN . Or. are rig 
From this definſten it "follows, - Abat two ling 


cannot be perpendicular to the ame N ul 
fall upon the ſame Fan. we | 


"oth If the planes G and D cut each 1 * 

of their points, as AB, will be foul 

Fig. 2. in both planes, and a right line dam 

| „ thoſe points will alſo paſs thi 

both planes, and is therefore call'd hes, comms 
Sem... 


4+ The angle made Thu the hi A, wich 
plane B, is the ily as would be mad 
Fig. 3. by the lines of both, which are perp 
| dicular to their common ſection, 


DGC, Lay 3 8 


*. > 1 © 
. - Sehe ee y reſpect, whe they 
are bounded with; an nab} Ber ee _ fur- = 
| faces, and diſpaed in he fame mannes, 1 63 —_ 
©, 04:51 | 
6. Similar Solids: ate ni wade Aw equa | 


number of ſimilar * and 9 in 1 
* manner. | 


> * * . © 1 
| «| * * ” 1% T6, 1 


7. A folid angle. As? a 0 the 
concourſe or meeting of morethag-two. ' Figi * 
planes in the ſame erg not mining 5 
one plane, as h. 157 dl in, e 5 
he dab 2 3.4.4 5 18-43 PLIES 
8. Parallel planes are ſuch a8 being Hy 
prolong'd will not meet. wo. 


1 7 
FP en earn Fr. N 


1 143 


. 
. * 
8 = X 
. nnr 
e ̃ ü ] . I-AA RR n 


1 9. A priſu is 2 body voundes with tws rig 

the 12 parallel planes, equal in eterynee. 8 

* ſpect, and by an infinite number of right N. S „ 
ines paſſing from. ibe one to * e = 
ule >< body A. — = 


70 Putrllloplipcis: are f unde e A 

1x planes, of which eve eee * { 13 | 

ee parallels, as B. When theſe. fiat” N.. 65 —— | 

planes are 1 0 © panallelepipedon, | Eo 

1 $2 Cube, as C. $3 3h + n 1 0 — 
1. A W Ae budy voundes bp one 


ight-lin'd plane, and an infinite nume 37S 

cr of right lines, draw from the cir- r 7 Wy 
umference of the ſaid right-lin'd Ps” 

\ 2 point n. it, as * 


s 


Ky) they both meet the line CA: farther, they will 


PER W/O. II CRF ENZO Co otro or oo K N 
9 EY =P : * K OY YE * — "i Bs n 
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12. A Cylinder: i is a body bounded by og | 

+ T4* 5 * cular planes, equal, and parallel, and 20 | 

Fig 8. . infinite} number of right lines paſſing 

from the one to the other, as E. I 

l connecting the centers of the < tor 
call d the Axis, as EF. 


13. A Cone is 3 body bounded Tags one » cant 
pPlwkw⸗ane, and an infinite number of riphif 
Vn. 9. lines; drawn from the circumference, i 
za point without its plane, as H. The 

line joining the center and the ſaid. point, at the iq; 
or vertex of the obs card! its Axis, as EHI. 


14. A Globe, po Fut is a body whoſe @ 
tream parts are all equally diſtant from 

. 10. a certain point within it, wan wh 
f n e 0 Fe: | | 


a Our? 
P R 0 . VI. 


1 the lines AB, cb. are Dm 

Pig. 11. cular: to the em plane, they are e 
rallel. OED 84 

Demon. They will Ty in . ſame plane, v 

wit, that which would be deſcribed by the lint 

CA, if remaining perpendicular upon the plans 


perpendicular to the line Ac, (by Di * hers 
bore 9 wan Nie 125 ack 4 


— 


% 
- 


- LA 4 by Oo of * N 1 * 
4 Y £ * % 4 o J p * 1 = 1 =>» «a 2 8 5 7 
1 [4 # * 2 * 1 1 4 4 5 "> Þ 4 4 * 2 FT Ip 4 v3 
«a 5 ; 4 - 
: 1 2 R 0 
4 : .B 4 3 * »o4 | 


* 


A 


. 4 ; e 
f | . 3 
25 * ©: * . 2 F * x 
＋ g 
FR 5 OY 4 a 
0 * as, 8 


If he lnes 12755 PvE ad AB 
right a upon'a plane, a I 
—— upon the ſame plane; N. 11. — 

otherwiſe, one might imagine the line EE 

CE right upon the plane, which would chen be Y 
alſo parallel to the line AB, (by the pregeding] 3 
which cannot des: £551 


; . 1 5 
1 * 8 © 8 


1 . 
Prop, N. 
* 


If the 1 A and B are parallel to 2 third c. 
hey will be parallel to one another; 
or imagining, a plane, upon. which the Fig. 12. | 
ine C is right or perpendicular, te 

ines A 1 which are parallel to the line C, 
ill be right upon the ſame plane, and r 
F to one another. 5 


Por. * 


If the line AB. is parallel to the e . 
D, and the line BE arallel to the Fig 13. 7 Bean 
ine DF, the angle ABE | will be equal” 1 

d the angle D 

Demonft The lines: AB, CD, and EB, DF, _ 
eing equal, the lines AC, EF, will be * | 
hd parallel to a third BD, and. conſequently to 
ne another; therefore the lines AE, CF, wilt be 
Iſo equal, (by 33. 1.) and all the ſides of the tri- 
ngle ABE, will be equal to thoſe of the triangle 
DF, and confequently By $41.6 vo. the 8 . 
BE equal to the angle CDF. | _ 


Þ R O 15 


” = " # 
, of N 1 
Pp - % N _ " 1 _ 
otra mmm 
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e.. ͤ— wü EEC EINE ⁵² WO POET Ce rr os 7 
| * Sp EY - * 1 * fl * 3 wy » N 4 * 1 * wg 


þ 
* 9 


FLY ; | 8 
1 66! ] 


F 
]: | . 


rer. xu. J 5 is 


JF che patallel planes A and 8 „ 
____ - third plane CD F E, che common. 
Fig. 14 ſections CD, EF, will be alfo paralld; 
becauſe they will ill be inthe fame plane, 

and r mo da more enn e wer two Le. 


- 


0 — . * 
„„ 
913 2 3 4 
1 * ' Fe ns. * & 2 1 3 


. 1 Prop. XII. 


wn 3 the line ABjs ri abt upon the plane OARD 
©+; "6 lands which can paſs thro" the 
Fig. 15 15 5. line AB will be perpendicular to the 
ſame plane; becauſe the line AB, 
I N 40. the angle every ſuch p lane wil 
make with the pl-vre OAF D, gland itſelf 1 

_ - right * to the 1a... plane, (by Def. 2), 


EY? -. 75 0h PRO. XXIV. 


If a bogs is „nn with ſix planes, of high 
ery oppoſite two are parallel, as 
Fig. 16. and B, C and D, and F, thoſe ch 
polite planes are e al, and ſimilar pr 
rallelegrams one to another. | 
Demonſt. Since the parallel pianes A and] 
are cut by the plane D, the common ſections Gly 
and KI, will be parallel, (by 16. 11.) fo will all 
IH, KG, yl the figure HIKG will be aps 
rallelo EPR In the ſame manner the news 
N, K LMI, IMOH, OHG 
0 N 0 M, will be -parallelograms ; and conſt 
| GK, the lines anſwering each other are 1 
NL ; OM, HI; and GH, ON; ** 


7 
— e MY V 
—— —— - 


AE Ne 


— 
* — a» OT SES — 


1 
_— 


AMA... 
KI. Farther, * angles which anſwer each othie- 

are equal, a3 the angle HGE to ma Our 
rallel: 1 herefore the planes 5 2 ©, 4 the! 


| 
other eorrefpondent ape are 8 and fimilay 
_ N 1 75 4 LE 2 | 

: gh By D ne 110 n . 
g "Bi — 0 7. xx. ee 


L the parallclopipedon, A be ent 10 the plane 
WBC, N chro' the diagonals of wo 
pppolite p oy the two patts will be- Fig. 17. 

ome two equal priſms, ſince they will! 
be bounded with an equal number of equal and 
ſimilar e diſpoſed in the ſame W Jy 


Pro, XXIX. 1 
If the parallelepipedes A B E pn 1 


ABNMD OL have the ſame baſe | 
ABD, and the fame heighth D H, * 18. 


bey are equal; becaule they have the 
Yn A BDH GNM: common, and the oils 
« AABNMEF is equal ta the priſm DGHOL,. 
op berefore (by Ax. 3} the two parallelepigedes are 
rp qual, 2433 WW „CCC 8 8 
GH, 


1 the parallelipipedon A is fimilar to this FA \| 
allelepipedon E, and the ſide BC be | 
louble the ſide FG, which is homolo- Fig. 19. 
tous to it, the parallelepipedon A will 

e ei i times the mg fade of the parlllopips= | 


lon 


de 


[6 1 

8 3 PET! BC is double FG; BD: with 
de alſo double Ff, and DL: double HI „II tben | 
divide the parallelepipedon A, f in its enge 
Deng and depth, into two equal parts, you =_ 
will make eight parallelepipedes, any one of which 
as M, having all its planes equal, and ſimilar} 
the planes of the parallelepipedon E, will . 
n be equal to it, in every reſpect.  — } 
In the ſame manner if the line BC be triple 
the line FG, it might be proved, that the he | 
lelepipedon A Fare. contain twenty-ſeven times 
the e pedon E; from whence it follows 
that fimilar parallelepipedes are in triplicate ratio, 
of their homologous fides 3 as are alſo ſimilar 
priſms, which are the halves of ſimilar ey 
N | 


** 


= Px R O v. - XXXVIIL 


11 the e plan Ai is ; right or purgeniioubie t boch ih 
5 plane B, and from the point A be dram 

F. ie. 20. a line AB, perpendicular to their com 
Y Fo mon ſection . * will by gn up 
the plane B. 

Demon ſt. If from every date 6f the line C 
were drawn. lines all right to the plane B, the 
would conſtitute the plane A, and one of thak 
"n * be the line AB. 
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r the Ning R ad 10 inſcribed i in «cd 
are ſimilar, the fide AE will be to 
ah: fide CF as the diameter AB to We 1. 


he diameter CD; beeauſe the trian- 
les ABE, CDF, are ſimila g. 
The ſome may be e of all the ney 
hich bound a fimilar arch. 


Pies: | oY 


ther inſcrib'd in a circle or circum- 
tele; therefore a po 1 05 having a 

ry great number of 

om a circle: from whence it follows, that as 


es in which they are inſcribed, (by the preceding) 
circles u_ are in a duplicate ratio of their radii, 


COROLLARY. 7 JAG 


«% #2. Þ 
* & 


ence it may be OC that ſimilar Cyndi 


* \ 1 
"of 
* 


The greater the number of ſides to a polygons, 5 
rib'd about it, the leſs it differs from a 18 : 
des, peg differs at all 


gons are in a duplicate ratio of the radii of the cir= 


Cylinders may be alſo taken for 8 ; from 
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are . A triplicath t. ratio of their homologous ſide, 
wp e diameters of their -baſesy 


* 4 
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a 5 P I. 1 by LE; Us 10 
5 , J 


Two md A, and B, big 
E- Fig. 3. the fame bafte DCE, and being between 
the ſame parallels, DE, AB hall be equi 
Demonſt. The triangle DCE. is com poſed a 
an infinite number of lines parallel to the ling DE, 
Ik from the ends of theſe lines other lines be dram 
1 to the point A, they will conſtitute an infinix 
number of triangles, compoſing the pyramid i 
1 In like manner the pyramid B would be comps 
fed, if the. ſaid lines be brought to the point Me 
But every one of thoſe triangles which come 
the pyramid A will be equal to each of thoſe whidl 
form the pyramid B, (by 37. 1.) therefore thi 
whole pyramid- A thall be equa to the whil 
pyramid B. 3 
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Tbe trian . CE DEFC is "but tl 
ans part of the priſm AB C DIE 

Fe. 4o * the ſame baſe, and equal height 
becaule the whole priſm contains. ti 

more pyramids, vis. ABFC, and ADFC, whid 
having equal baſes ABF, and ADF, and the ſank 

- vertex C, are equal, (by the preceding) and on 
of them, viz. ABFC, is equal to the pyraii 
DEFC, (by the-preceding) becauſe it has bol 
the Game IOW and * fame heighth: as FO 75 1 


. „„ 
It is the ſame thing with pyramids which are 
ot triangular, becauſe they may be divided into 
riangular pyramids. © From whence it follows, 


which may be taken for pyramids of an infinite 
umber of ſides) as they alſo are a third part of 


y linders, of the ſame baſe and heighth, are like- 
I'd iſe in a triplicate ratio of their homologous ſides, 
DE ts . : 

amt PROP. the Laſt. 

Ile . 8 i 5 

A Globe may be conſidered as compoſed of an 
noon finite number of pyramids, whoſe ver- 
tees meet at the center of the Globe, Fg. 4. 
ei heir baſes compoſing its ſurface, and 1 
ea beir ſides forming its radii. So that each pyra- 
rid compoſing the globe A, being to each pyramid 
cha ompoſing the globe B, in a triplicate ratio of the 


C, to the radius BD. 


i | The ſame may be ſaid of all other ſimilar bodies, 
| | 5 i 8 N a # 
EI | | | 

ghth 
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w.. | E ä : 75 5 
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Tami 

s bot 

pri i 


hat ſimilar pyramids are in a triplicate ratio of 
heir homologous fides ; and conſequently cones 


adus AC, to the radius BD; the globe A will be 
te globe B in a triplicate ratio of the radius 
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RIGONOME TRT is a ſcien ee 
by which we learn the teſolution “ 
wlangies 1 that is, do find che n- | 
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degree into 60 minutes, and each minute into 
bo ſeconds, Sr. 7 0 
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| Fig S | pendicular! on the diameter that teu 


2. What an wes wants of go derail is ell 
its c aplemunt; Fe its defect of 16 


* 2 ee is eall* its ſupplement” P 
the arch AC is the complement of the 


arch A B, if B A C contains 90 , degrees; aul 
AD is its oc wat the whele ure 14 1 


ſemicircle. 


3 The right Gas of an arek is a 1 


t ling 
falling from the one end of the 2 


hates in the other end. Thus 50 
the . ſine 2 the arch BA, or of ins ſupp} 
ment y | hy 


8 „ —— ty 9 „ 


4. The = com — or 1 of an ure 
78 So right {ine mp, its b, Thus BE, 
Which is the right ſine 3 
BA, is Bra. the. ſine dmplemiens, vr co- 
of BA; and fine” BF always equal to DC, 
egos DEA GRE bn dn FO 
TURAL 6 Þ-. TT YM 7 Oo 

The verſed fine of an yay is » th 
the diametet eontaitred” bet een G = | 
right fine. Thus CA is king, fine vf che und 
BA, and CP of the urch BF. * Pig. 5 1 


6. The 8 Ste titcke, GD, is calb'd theft 
total, becauſe i it is the greateſt right W V. 2 1 


7. Toe tangent" of n ech u. lin 
-totiehing one end of the areh; * 

Fig * without the arch, parallel to the right 
ſine till it meets the radius n * 
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L as 1: 
he other ende The radius fo produces r 
enn. Thus: AB is the e e TOR . 
C, and DB the S..... he, 4 


T 1 the Tables af Sinea, — and Se- 
cants, being valued by the proportion they 
bear to- the radius of every eireſe, and that 
proportion being in numbers oſten irrational 
the Tables cannot he perfeRtly exact but 
that there may be ns ſenſible error in their ap- 
ſication to practice, the radius of each cir- 
cle is divided intoꝛooοοσ⁰ qual parts; and the 
Tables ſhe how many of ſuch parts are con- 
tain'd in every Sine, = ns ons 1 FIR, 
Wen the fractions. ff 


1 s 


| In every four-ſided "RE ABDE, inferibed i in 

circle, the rectangle made by the dia- 

nals AD, EB, is equal to the two Fig. 5. 
tangles made by the appolite ſides of 

he ſaid figure, to wit, the-neQangle made by EA, 

DB, and the ; made: by ED, AB. Draw. 

. 8 the GAY be equal eo de 

; Manas wary The 4 

he triangle EDB; for — — the equal angles 

ABC, DRE, the angle RED is squab c the 


d the rectangle of the means AG, EB, (by 16. 6.) 
a te ſame manner the rectangle upon AF, BD, 


uſe the * * 


5 


conſe- 


WO GARE ͤ« oe te 2 


ABC is Ander my 


* 


. ge BA, (by 21. 5 I berefore (by 4. 6.) 
$3 AB: AC:: EB: E 8. and c wg : the. 
3 ectangle of te e AB, ED, will be equal 


ill be equal to the rectangle upon DC, EB; be- 
BAE, are mil, and 


* . £ N _ * a 4 2 * > ot - 
3 — T8 CS WE IE IRA TIS Yr REY K FF TD 


Bs 8 the rectangle upon EB, and head 


e 70 1 1 


line AD, will be equal to the two 8 
AB, ED, and upon AE, BD. | 


If the area wo the eee ABCD, and one 
of its ſides AB, be given, the othet 

Ee. 6. ſide AD, may be found by. dividing 
the W by the _ mn, | 


L III. 
enn 


a B: C: D, 1 B. C given Bal 
be found, * multipl ying B by C, and dividing 
the product 5 A, 7 pang that product is * q 
the product of A by D, (by 16. 6.) 


* 


5 0 * 


72 0. I— 


5 T he diameter AC ond; cbogl «ad an 
0p 7. arch A B, being given, the ſupple 
mamental BC may be alſo found. 
Demonſt. The angle B being right, the fg, 
4 the diameter AC will be equal to the ſq u dan 
of the line AB, 1 the ſquare of the line ! 
by 47. 1.) J and conſequently if the ſquare of th 
line AB be ſubtracted - from. the ſquare of the 
diameter AC, the ſquare of the line BC wills 
main; the root of which ite EY 
fr gre the line BC. 1 
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gud BC of an batch böing given, f 
e chord CA of an arch double C86 Fig 2. . | 
ay be found. Draw the diameter BD, 

d the lines DA, . will DA be equal to | 
3 


Demonſt. DA, De, may be found by the 
regoing. Multi ply AB. bn CD, and CB by 
D, the ſum of the two producis will be equal 
the rectangle made upon BD and AC, (by 
emma 1.) therefore 1 . BD, IS; 1 : 
A, WW Lemma 2.) 


Pre 0 *. m1. 8 . 2 4 


| The chad AB being kbar ke Kt DB of : 
arch triple. to AB may be found. : 

aw AC, and CD, equal to AB; hopes Yo "=: > 

aw - alſo 'AD, CB, which may be ED 

nown as beſos? 2 TH 

Demon /t. Multiply the chord AD by hs ge 

C, and the product will be equal to the two 

Bangles upon DC, AB, and I ben CA; DB, 

Lemma 1.) then ſubtraQing the rectangle | 

don CD, AB, the remainder will be the rectan- 

| upon. CA, DB, which, being divided by CA, 

es wr 

In the ſame manner may be found the chord of 


FEES 3 


on 1 
4 Thorn rd of 60 ere. | 
- "OO 0 OA. Dee, ud - 


. er. e ˙—! A a res > 
* N ü * - * W N . 


rt . 

Nane The 1 C contains 60 deg 

the two others A, B, contain what remains | 

- "make up the two right angles, that is, 120 
gres, (by 16. 1.) and becaule they ate ,s ad 
muſt conta bo degrees, (by 5, I.) as the angle 
and conſequently the line AB. vl ba — 
hoes CA, ar CB, (by . 1. © 244 Wl " 


© . * * > LE ry a 
as rd band PR 1 N had 
— + # . T3 L334 * 1 * & . * 6 Gs 


% / 


"Hare we chor 18, 1 is wc thy 
ET ih half its arch by Fi " | 


©, Demanſt. Is the line AB N. divided ' equl 
in the point E, the triangles AED, BED, y 
be equal in every reſpect, (by 8. 1.) A 
quently AE will be; the right fine of A0, 
Def. 3.) which is the. half of ACB, ſince | 


angles . BDC, are equal. Me 5 in 


| COROLLARY 


The val of 60 degrees ge to thet 
"iy contains. 109009 parts,. therefore the ni 
fine of 30 degrees $i ak the "mM * 4 
r 9D contin 5000 


1 0 r. vi. | 5 34 
yhich 


If the fright ie ay er an anlſ"'* 
Ng. 12. EY degrees AD, be Known, the 0 "oh 
| D may be alſo.known, » : 
* Dimon. Subtra& the ſquare of the fit ine | . 
3 from the ſquare of the A AC, the remand” © 
will-be the ſquate of the line BC, (by 47. 
whoſe ſquars roat being ſubtracted from aber 1 
* will give the verfed ing BD 5, dh : 


S 


ou! 
yhic 
Joub] 
e th 


out! 


. 
the ſquare of BD, to the ſquare of BA, and the 
ſum will be the-ſquare of the chord AD (by 47. 1.) 


COROLL 1. 


Having the chord AD, the half thereof will be 
the right ſine of 15 degrees, the chord of 'which 
may be found by the foregoing, and its half will - 
again be the right ſine of 7 degrees 30 minutes. 
Thus deſcending by continual halving, you will 
End that the right ſine of 52. 44 3 45. is 
2554, You muſt obſerve, at the ſame time, that 
he fine of 1. 45". 28%. 7%, 30”. is double the 
ſine of 52". 44”. 3 45”. ſo that the fine is to 
he ſine as the arch to the arch; therefore with- 
ut danger of miſtake, you may ſay, as 52". 44”. 
z“. 45”. are to 60“. ſo 2554. to the line of 60˙. 

hich will conſequently be 2909,  __ 


C OROEL U. 


Having thus found the right ſine of 1 minute, 
jou mult double it to get the chord of 2 minutes, 
yhich by Prop. 2 will give the chord of an arch 
Jouble, or the chord of 4. of which the half will 
the ſine of 2', and by Prop. 3: it will give 
ou the chord of a triple arch, or of 6'. the half of 
phich will be the {ine of 3. Laſtly, this fame chord 
f 2. will give the chord of an arch quadruple, - 
* antuple, ſextuple, c. or of, 8'. of 10. of 12. 
il 3 wy of Which will be the ſine of 4. of 
We , 9 Co 


E 7 5 P R OP. 
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PA. VII. 


Having found the right fines of all the arch 
vou will have their tangents, and the 
Fig. 13. ſecants. For example, you may hai 
the tangent CE, if you know the 
DB, and the fine complement AB. | 
Demonſt. The triangles ABD, ACE, j 
rectangled, and have the angle A common; then 
fore they are ſimilar, and conſequently the ſi 
complement AB, will be to the right ſine BD, 
the radius AC to the tangent CE, (by 4. 6.) 
In the ſame manner for the ſecants, the f 
complement AR will be to the radius AC, as 
radius AD to the ſecant AE, (by 4.6.) 


Note, To the end that the fractions negli 
the beginning, may not cauſe any great er 
in the. progreſs, it will be proper to take thi 
into the produce, ſo as ts be conſtantly will 
the half unit, in the loweſt place. 


PAN 


1 78 1 
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PART 6 il 
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LOGARIT HMS. 


OGARITHMS are a ſet of artificial 
Numbers, by means of which the operations 

f Multiplication, and diviſion, are performed by 
dition and Subtraction ; and the extraction of 
de Root of any power by a fingle diviſion of the 
ogarithm of the power by the index or expo- 
ent of ſuch power; thus dividing it by 2, the 
uotient is the Logarithm of the ſquare root, an 

35 that of the cube root, &c. 


DEFINITIONS. 


1. Arithmetical Progreſſion, is a ſucceſhon of 
mbers equally exceeding each other, as o, I, 2, 


45 53 &c. OT I, 3» 5, 75 Qs Sc. 


2. Geometrical progreſſion, is a ſucceſſion of 
mbers, of which the firſt is to the ſecond, as the 
ond to the third, and as the third to the fourth, 


c. AS I, 23 4 8, or 1, 35 9 27 


3. If exactly under the geometrical en 
deginnin Bk with 1, you place the arithmetical 
greſlion B, beginning with , the numbers of 


b 
| a | the 


" % 


r BY 
the arithmetical progreſſion will be the logarithy 
of the correſponding numbers in the geometry 
progreſſion. For example, the third number; 
the arithmetical, will be the logarithm of the ii 
number of the geometrical ; that is, the numbel 
is the logarithm of the number D, ſo is Eqff 
and G of H. . 
. 8 


A I, 2, 4, 8, 16, 32, 64. 
B = o, 1, 2, 3, 4, 5z 6. 
gs . 


LE M M A I, 


In every geometrical progreſſion A, the nul 
bers immediately following each other, havel 
ſame common ratio between them ; but th 
which are ſeparated by the interpoſition of0 
term or place, as B, C, have a ratio, double to 

eneral one; and thoſe which are ſeparated byl 
interpoſition of two places, as B, D, have atl 
ratio, c. (by Lem. 1. 6.) 


* 22 45 8, 16, 32. | 


comÞEtim. © 


From hence it follows, that if two numbeni 
2 progreſſion are at the ſame dill 

rom each other, as two other numbers, the) 
have the ſame ratio; and if they have the 
ratio, they are at the ſame diſtance. 


LEV ing 


IE N 
LE MMA II. 


In every geometrical progreſſion A, whoſe firſt. 
rm is unity, if the number B be multiplied. by 
je number C, the product ſhall be a number in 
be ſame progreſſion, as far diſtant from the num- 
r C, as the number B is from unity, to wit, D. 


nt 
4 


A r 1, 2, 4, 8, 16, 32> 64, 128. 
1 UE D 


„ 25 o 


Demonſt. If multiplying B by C produces D, 
muſt be 1: B:: C: D, therefore (by Lemma 
ecceding) B will be as far diſtant from unity, as 
from C. „ 3 
On the contrary, if D be divided by B, the quo- 
nt will be C, as far diſtant from DD, as the divi- 
B from unity; becauſe in every diviſion, the 
icend is to the quotient, as the diviſor is to 
ty, 8 l 


Lz A 
In every arithmetical progreſſion commeneing 


mber D, the ſum will be E; the ſame diſtance 
m D, as C from o, 1 7 FP 


B ＋o, 1, 25 37 4 55 6, 7. 

| | „„ . 

Denonſt. C will be more or leſs diſtant from o, 
ording as it contains more or leſs times the com- 
dn difference of the progreſſion. In the ſame 
nner E will be more or leſs diſtant from D, ac- 
ting as it contains more or leſs times the ſame 
nmon difference * D. But ſince E is the 


3 GE = 


th o, if the number marked C, be added to the 


. CEL THESES LEG, 7 - 
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on the contrary, the number C be ſubtracted fro 


D, as far diſtant from E, as C from o, ſince 


multiplied by the number F. FE: 


the number C immediately follows o, if to it! 
added the number E, the ſum G muſt imma 
ately follow the number E, (by Lem. 3.) fo ins. 
- geometrical progreſſion, ſince D immediately i 


. will conſequently be its logarithm. - 


11 | 
ſum of C and D, it will contain the ſame numbe 
of times the common difference more than D, of 
C does more than o; therefore E will always h 
as far diſtant from D, as C from o. | 
In the ſame manner, it may be proved,  thatif 


the number E, the remainder will be the numb 


contains as many times the common diiteren 
above D, as C does above o. . 


PR O p. VIII. 2 


If in the arithmetical progreſſion B, anſweri 
the geometrical progreſſion A, the number C, 
logarithm of the number D, be added to the nun 
ber E, the logarithm of the number F; the ſu 
CG will be the logarithm of the number H, and ti 
number H will be the product of the number] 


A Z 1, 2, 4, 8, 16, 32, 04. 
B ＋ o, 1,2, 3, 45 8 6. 
E627 8; 


Demon. Since in the arithmetical progreſſ 


lows 1, if it be multiplied by F, the produd 
ſhall immediately follow F, (by Lem. 2.) Thi 
fore ſince E anſwers to F, fo ſhall G to H, 


In the ſame manner it may be demonſtratt 


that if C, the log, of D, is ſubtracted from Gs! 


tt 7 

log. of H, the remainder E, will be the log. of” 
be number F, and the e A F, will be the er S 
jent of H, divided by D. 1 


COROLLARTK. * 
* 8 _ The Uſe of Lagarithms. SE 


I, If you are to find a fourth n to 
three numbers given A, B, C, having found in 
ſome Table of logarithms, the logarithms of the 
yen numbers, add the log. of B and C, and from 
heir ſum E, ſubtract the log. of the number A, 
and the em D, ſhall * the log. of che fourth 


omber required F. 
U 


auf A 1097 — 3,0402066 | 
> {ut B 1078 — bn i 
id t C 964 — n 


El¾J. 6,0166958 
a2 — _:040000.. 


D 
F947 + 
Demonſtrat. To find a fourth orogortional; the 
tle is, to multiply the ſecond and third, and di- 
ide the product by the firſt ; but in ſubtracting 
de log. of the number A, from the ſum of the 


2, 764802 


de product of the numbers B and C, divided by the 8 
umber A; therefore that log. muſt be che loga- 
tam anſwering to the fourth proportional fought, | 


2. To find the ſquare root of any number, as 
$01, having from any table found its logarithm, N 
T7. TO | Which 


dps. of the numbers B and C, we find the log. of 


6 — oo 


T0081 5 
which is 3, 9912704, the halfthereof, viz. 1, 9956352 
will be the log. of the root ſought, to wit, 99. Pot 
adding the log. of 99 to itſelf, it gives the produg 
of 99 multiplied into itſelf, that is its ſquare. 
In the ſame manner taking the third part of the 
logarithm of any number, you have the log. of its 
Cube root; and taking the + you have the log. of 
its biquadrate root, &c.. N 


＋ 


PR o r. IX. : 


Tze Conſirudiion of Logarithms correſpondent to th 


1 natural Numbers. 


1. We begin with the geometrical progreſſion A, 
in which the terms increaſe by the ratio of one to 
ten: for the logarithms of which we ſet down the 

arithmetical progreſſion B, in which the terms ex. 
ceed each other by 1000000. The ſequel will 
make it clear why we begin in this manner, 
TE Wet f BHT 
3 , dodooo A 1,0000000 —0,000000 
10 —TI,oo00000 D 31622777 —0, 500000 
100 —2,000000 B q, ooooooo 
.1000 —3,000000 Hs 8 
10000 —4,000000 C 10,0000000 —I,000000 
100000 —5,000000 =_ 


2. We ſeck the logarithms of the numbers be. 
ps x and 10, beginning with finding the log, df 
1111111. I TS ] 
oe to each of the three numbers 1, 9, 10, {| 
- - ven cyphers, to make the numbers A, B, C, Which 
have the ſame ratio as 1, 9, and 10, and conſe- 
quently muſt have the ſame logarithm ; therefore 
multiplying the number A, by the number C, 5 

p EXtraus 
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41 5 
extracting the ſquare root of the product, Will 
produce the number D, a mean proportional be- 
tween A and C, (by 16. 6.) and conſequently to 
have its log. half the difference between the log. 
of the number A, and that of the number C, muſt 
be taken, viz. 500000, which being added to the 
log. of the number A, will make 0,500000, the 
log. of the number D. In the ſame manner ma 
be found the logs. of all numbers, which will be 
mean proportionals between two others, of which 
the logs. are already known. e 
Thus multiplying the number D by the number 
C, and extracting the root of the product, you 
will find the mean proportional between D and 
C, and its log. will be o, 7 50000. The ſame work 
is continued in ſearching the mean proportionals 
between two numbers ſtill nearer to B, till at laſt 
the number B becomes itſelf a mean proportional 
between two numbers whoſe logarithms are known, 
and conſequently its own logarithm will be known. 
to wit, 0, 954242, Which will be alſo the logarithms 


00 of the number * £ Lt ab 5 
3. In the ſame manner we find the logarithm of 

, and of 2. Then half the logarithm of 9, gives 
the log. of its ſquare root 3; the double of thge 
log. of 2, will give the log. of its ſquare 4, ſub- 
tracting the log. of 2, from the log. of 10, gives 


the log. of 5, adding the log. of 2, to the log. of 3, 
ou have the log. of 6; and adding the log. of 2, 
e that of 4, you will find the log. of S. 


4. In the ſame manner we find the logarithms: 
anlwering to the numbers between 10 and 100, 
by making ufe of the logs. of numbers already. 
Known, to. diſcover thoſe of their products and: 

e root 


— 


1 


e 

roots; and for the reſt, we do as for the numben 

9, 7% und 2 „ 

Note 1. The Tables of Logarithms are uſual 
carried on to 10000, * 

2. When we ſeek mean proportionals, we ofte 

meet with numbers which have no exact 00 

7 and yet we neglect the fractions; ſo that tho 

logarithms are not perfectly exact; but wha 

the root is extracted to many places, ſuch 

mainders are very inconſiderable, ſo there cu 

ariſe no ſenſible error in their application. 


3. Thelogarithms of all the numbers between 
and 10, begin with ©; of thoſe between 10 
100, with 1 of thoſe between 100 and 1000 
with 2, &c, This firſt figure of a logarithm 
uſually ſeparated from thoſe following by 
point annex'd, and is call'd the Index, or CM 
raQteriſtic, becauſe it ſhews how many place 
the correſponding number(when integral)co 

| fiſts of, which is always one more than tit 

units in the Index. 7 ; 


8 
X 
; 
o 
3 
. 
x 
by 
; 
1 
3 
4 
N 
{ 
4 


I 
4 
* 
* 
42 
* > 
% 
* 
iN 
Ui 
. it 
F 
. 
1 
f 
* 
7 
| 
0 
: 
} 
1 
* 
. 
| * 
£ 
? 
. 
1 
: 
x 
* 
19 
1 
1 
: 1 
1 
5 


— — x 
——— Arr boo IO err 


e 
——ñ—ñ—G—H— — es 
: 


Note, The logarithm of a fraction is the difference of the logarithm 
both terms; therefore ſubtract the logarithm of the denominator ji 
the logarithm of the numerator, and the remainder is the logaril 
of the fraction, and the number 32 in the Table correſpauſ 
thereto, is the decimal fraction of the ſame value as the wulgar fu 
tion given; but the index of the logarithm of a proper fratim 
negative, and has a ſhort lin. for minus put over it, and tell 
piace that the firſt ſignificant figure of the number is below the uti 
place; ſo that the index of a logarithm, whether native or an 
ative, is only to ſhew the place the firſt fignificant of the nun 
foſpeſſes from the unit's place, either below or above it, and is nf 
of the logarithm to be ſought for in the tables, where we uſe 7 1 

Faction, or part to the right band of the point, which is alwi 

affirmative, as Mr. Gardiner in page 1. of the Explication «1 
_ Tables makes evident, 5 Ie. . 
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The Conſtruction of Logarithms for the Sines, © 
1. The ſine total has for its log. to0000000, or 
perhaps 100000000000} but in moſt tables the laſt 
three figures are neglecte. as 
2. The natural fine of 89 degrees 59/. is found to 
be 9999999 + .. to find its log. we ſeek in the ordi- 
nary tables the log. of 7999. which is 3,9999566, 
to which we add the log. of 1000000, which is 
6,0000000, and we have 9,9999566, the log. of 
90999900 - 6 Then ſubtr acting 9999000 a p 5 from 
the ſine total 10000000. . . the remainder will be 
found 1000 . .. In the ſame manner ſubtraQting 
the log. 9,9999566 from the log. 10,0000000, the 
remainder will be 434, by which we may obſerve, 
that 1000-. . . the difference of the numbers, gives 
434 for the difference of the logarithms. Aſter- 
wards we ſeek the difference between the given fine, 
and the fine total; which finding to be 1... we ſay, 
if 1000. .. gives 434, then 1. . will give 4434: :c- 
which being ſubtracted from the log. of the ſine 
total, will give 99999999 888: :: for the log. of 
the given ſine. „„ 
A t0000000 ooo 


B 9999990 o000000 
C „ - neanr” 
D 9999999 
E 9999998 oooooor 
. 9999998 
89999997 o00000Z.,, 
1 9999997 
I 9999996 ococoo6 


garithms of the ſines; but to do it more eaſily, we 
form a geometrical progreſſion, of which 1 gs" 
4 ; an a 


3. In the ſame manner may be found all the "PE 8 
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and 9999999 are the two. firft terms; after this 
manner we add feven cyphers to the fine total, 40 } 
make the number A, and . ſame 20 the fine | 
9999999, for the, number B, the difference of | 
2 4 two numbers will be C, 1,0000000, or 
322355 of the number A; then ſubtracting ſe- 
ven cyphers from the number B, it gives the nuth- | 


ber D, which will alſo be Ses of the number 


B; conſequently if you ſubtract it from the num- 


ber B, you will have the number E, which will 
have the ſame ratio to the number B, as the num. 


ber B to the number A; for as E will be 83888823 
of the number B, ſo B will be 28838888 of the 
number A. The ſame muſt be done for the num- 
ber G, I, &c. to roo terms, aſſigning them loga- 
rithms, which ſhall diminiſh by the fame diffe- 
rence, as is between tbe log. of the firſt number, 
and the log. of the ſecond, v:z, 2858, and you will | 
find among thoſe numbers, 15 fines, with their 
logarithms. * | | { 5 | 
Further, you muſt raiſe by the ſame way à pro- 
2 8 of 56 terms, of which the firſt muſt be the 
ine total 10000000, and the ſecond 9999900, the 
laſt term of the foregoing progreſſion, and you will 
find ſeveral other fines with their logarithms. ._ 
Laftly, you muſt make ſeveral other-progreſ- 


ſions, having the fine total for their firſt term, and 
the laſt term of the preceding progreſſion for their 


ſecond, of which the laſt figures will be cyphers. 


N. B. You muſt remember to end the progreſ- 
ſions when their terms will not increaſe 
enough to reach the ſine which follows. B 
this means you may find the log. of moſt of 

the ſines. For the others, they muſt be found 

. after the manner of that of 9999999. 1 

| AS | R OP» 


TWF 
| PR Op. XI. 8 ; 
The Conſtruction of te Logarithms. of the Tanges ths 
and Secants. - * 
I. Having found the logarithms of all the fines, | 
thoſe of the tangents may be eaſily diſcovered, 
ſince the fine complement is to the right fine, as 
the ſine total to the tangent, (by Trp. Prop. 7.) 
for if the log. of the fine Eee be added to the log. 
of the right ſine, and from the ſum the log. of the 


{ine complement be ſubtracted, the remainder will 
be the log. of the tangent. 5 


2. For the ſame reaſon (as age if Bone dou- 
ble the log. of the ſine total, the log. of the ſine 
complement be ſubtracted, chere if re remain the 
log. of the ſecant. 


Mie 1. The log. of a fraction is the irate "0 
tween the logarithms of the numerator and de- 
nominator. 
2. If in your operations you meet with alog. not to 
be found in the tables, look out for one the near- 
eſt you can find to it, without regarding the in- 
dex, or characteriſtic; then adding as many cy- 
phers to the number anſwering to it, as there are 
units in the index of the log. given, more than in 
the index of that found, and you will have the 
number of the log. given to a ſmall fraction, which 
may be alſo found by this analogy; if the diffe- 
rence between the log. found, and that which fol- 
c | lows it in the tables gives 1, the difference be- 
0 tween the log. given and that found (without re» 
ä gard to the index) ſhall give the fraction, which, 
/ as the log. given is — 2 leſs than that found, 
0 muſt be accordingly added, or ſubtracted, without 
regarding the index, or ä The De- 
| monſtration of which is eaſy. 
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PL AIN TRIGONOMETRY: Or The ; 
| A of right-lin'd Triangles. © t 
SUPPOSITIONS. F 
LL a are reſolved by the rule d k 
analogy, or proportion, in which three tl 
known numbers (except the three angles) ac c 
given ; for multipying the two laſt, and dividi WW © 
the product by the firſt, the quoteny gives tl 
fourth proportional. 

2. We call the fine, tangent, or ſecant of a 
angle; the ſine, tangent, or ſecant of the arch 
which meaſures that angle. 

* In every right-lin'd triangle, as ABC, the ” 

. half of the ſides are the fines. of tie ſay 
Fig. 1. angle to which they are oppoſite: Fo 
having deſcribed a circle thro* the threw 75 

points A B C, jt will appear that the half of 5 8 
ſide BC, for example, is the ſine of half the ara (1. 
BC, (by Prop. 5. Trig.) which meaſures the c the 
polite angle A, (by 20. 3. Eucl.) = 


CORO 


rt] | 
bonooe ammo 


From whence it follows, that in every triangle, 
as A B C, the fine of the angle A is | 
to its oppoſite fide B C, as the fine of Fig. 2. 
any other angle, as B, to its oppoſite | 
fide A C. | 


4. In every triangle, as ABC, reQangular at. 
the point B, if one leg, as AB, "hy taken ; 
| forthe radius of a circle, or line total, Fig. 2. 
the other leg BC, will be the tangent 
, of the angle A, and ACi its ſecant. 


5. To reſolve a Triangle, fo much ought to be | 
known of the angles and ſides, as may determine 
the triangle in ſuch manner, that it cannot be 
changed, without changing one of the. angles © or 
one of the ſides. 


PRO r. XII. 


The Refeluti on of rectanglad Tri 1 | 


1. In the triangle ABC, of which the angle 
B is right, if the line AC be known, | 
and the acute angle C, then we 1757 Fig. 3. 
ſay, by Suppoſ. 3. 

As the 4 ine total, or fine of the angle B: to the 
line AC : : the fine of the angle C: to the line AB. 

You muſt therefore mckigls the line AC by 
the ſine C, and divide the product by the fine total, 
the quotient will be the line AB, 
Or by Logarithms. Add the log. of the line 
AC to the log. of the ſine C, and from the ſum 

5 ſubtract 


„ ite | 

ſubtract the log. of the ſine total; the remainder 

will be the log. of the line AB. 1 the work 
both ways, making C=40" 6 260. 


Note, Sine c 64422 | Log. Sine of ©. - = = 1 
Line AC — — 50 Log. of AC — — 1.699700 
Product 322 1100 Sum 11. 5080042 
Sine total - - . 10c000 | Log, of Sine total = - - 10.0006009 


. 


Orient AB 32.2 | Log. of 32.211 for AB - 1, gg 


In the ſame manner for the fide BC, we [7 
by Suppojit. 3. 


Sine total: 2 : fine A: BC. 

2. In the rectangle triangle ABC, of on 

the angle Bis right, and the angle C 
known, with the fide BA oppolite to it; 
to find CA, we ſay, by Sup. Þ; 

vine & the angle C: fide AB: N of the ang 
B: CK. 

And to find the ſide BC, we ſay, | 

Sine C: AB : : fine complement C: BC. 


3. In the trian gle ABC, of which the angle B 
is right, 1 of which the ſide CB, with 


Fig. 4. 


Fig. 5. the baſe AC, are known, to find the 
angle A, we ſay, 

The baſe AC: ſine of the aigleB * : fide, B BC: 

fine of the angle A. ho 


And to find the fide AB, we . 
1 je. total B: the boſe A 


| 6 2 


es | , * 
* 


4 


EY 


KJ 
4. In the triangle ABC, of which the _ _ 
angle B is right, if the two ſides are Fig. 6. 
known; the angle A may be found by 7 
faying,. by Suppoſit. 4. N 
The fide AB: the ſine total: : the fide BC: 
tangent of the angle A, } FE 


PR O r. XIII. 
The Reſolution of oblique-angled Triangles. 


1. In the triangle ABC, if the fide ,. 
AC be known, and the angle C and B, Fig. 7. 
the ſide AB may be found, by ſaying, . | 
by Suppoſ. 3. | - Wn 
The ſine of the angle B: fide AC:: fine of the 
angle C : fide AB. : i 
And becauſe the angle A, is the ſupplement of 
the * of the two others, to find the ſide BC, 
we ſay, N 


= 
The ſine of the angle” B: fiat AC : : fine of the 3 


* 


angle A: fe CB. 


2. In the triangle ABC, if the ſides AB, BC, 
be known, and the angle A, which is - 
not between the known ſides, the tri= Ng. % 
angle cannot be reſolved, - unleſs it be 1 
known whether the angle C be acute, or obtuſe; 
becauſe without altering the data, we may change 
the triangle ABC, into the triangle ABD; but 
if it be known that the angle C is acute, or D ob- 
1 then may the triangle be reſolved by Sap. 3. 
laying. 72 | 
Side BC: | A:: the C BA: C, er D. 
A And to bad ce 8d 8 ſay, 2 e 
ky SA: BC :: ne B: Ac. 


1 * * * — Di. « — --_ 
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„ 
3. In the iſoſceles triangle ABC, if the legs "al 
known, and the angle B between the 
Fg. 9. equal legs, the two other angles which. 


are equal to each other, may be alſo 
known, and the whole triangle reſolved. 


4. But in the ſcalenous triangle ABC, if the 
legs BA, BC, are known, and the angle 
Fig. 10. B, we may know the ſum of the angle 
A and C; and to find the value of each, 
uſe the following analogy. _ | 3 
be ſum , the legs AB, BC: their difference: 
the tangent of half the ſum of the angles. A and 

C: to the tangent of an angle, which being adiid 

to the ſaid bat , twill give the greater angle, 
From the point B deſcribe a circle, whoſe radius 
let be the leſſer leg BC, which will cut the greater 
leg in the point D; produce DB till it meets with 
the circumference of the circle, at the point E; ſo 
ſhall AE be the ſum of the ſides AB, BC, and 
DA their difference; the angle DCE will be 
right, as will alſo the angle 8 DF, if DF be 
drawn parallel to C. e 
Demonſt. The angle B being common to the: 
two triangles BDC, BAC, the ſum of the angles 
on the baſe DC, will be equal to the ſum of the 
angles on the baſe AC; and as the angles on the 
baſe DC are equal, (by 5. 1. Excl.) each of them 
will be the half of the ſum of the angles A and C; 
From whence it may be concluded, 1. That the 
line CE muſt be the tangent of half the ſum of 
the angles A and C. 2. That the angle ACD 
(twice the difference of the angles at the baſe) ol 
which DF will be the tangent, being added to the 
half of the ſum of the angles A and C, will be equal o 
the angle C, and conſequently; fince (by 4. 6.50 


[9 11 
AE is to DA, as CE to DF, it is certain, that 
the ſum of the ſides BA, BC, is to their difference, 
as the tangent of half the ff the angles A and 
C, is to the tangent of an angle, which added to 
| the ſaid half, will make the greater angle . 


If all the ſides of the triangle ABC are 
known; from the greateſt angle B,, let 
fall che perpendicular B D, upon the Fig. 11. 
greateſt ſide AC, and it will form two 


. retangle triangles, the angles whereof may be re- 


ſolved by the foregoing propoſitions ; but to find 
D the point where the perpendicular falleth-in the 
line AC, we uſe the following analogy. 

The greateſt fide AC: the ſum of the other two 
ſides BA, BC: : the difference of the files BA, BC, 
vix. GA: AF, which ſubtracted from AC, the 
point D is in the middle of the remainder. 

It is eaſy to ſee how the figure is made. 

Demonſi. The line ABE is the ſum of the 
ſides AB, BC, and the rectangle EAG is equal 
to the rectangle CAF, (by Cor. 16. 6. Eucl. 
therefore CA : the ſum of the ſides AB, B:: 
AG : A (by 14. 6. Zucl.) 


REMARK: 


If in the Sgure. ABCD, the angles BAC, 

BAD, BDA, BDC, be known, which & 
are ſufficient to determine the other an- Fig. 12. 
gles, all the other angles may be knuwn, | 
without knowing the ſide AB; z to which you 
may give what value you pleaſe, without changing 


the angles ſought. Thus knowing any one "Lee, 


the whole * may 8 | 
PA R . 
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The Reſoluionof SHER ICAL Tx1anoun 
L E M N A I. 


Pe a globe or ſphere be cut by a plane 
Pig. I. fing thro? its center A, the com- 
mon ſe&ion will be a circle. whoſe ra- 
dius AB, will be the radius of the globe, and its 
circumference will encompaſs the ſurface. of the 
globe ; ſuch circle is call'd a Great Circle, 


EL Laden alt. 


Tf a ſphere be cut by the hoe) EFGH, not 

paſſing thro? the center A, the common 
Hg. 2. ſection will be a circle, the radii of 
5 which will be leſs than thoſe of the 
ſphere. Draw A B perpendicular to the plane, 
— BM, BN, BL, to the ſurface of the globe, 
and AM, AN, AL, and you will have three tri- 
angles equal in every reſpect, of which the ſides 
BM, BN, BL, will-b be equal to one another, and 
lefs than AL, AM, AN, radii of the yon 
ſuch circle is call'd a Laſer Girele, 
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DEFINITIONS. 


4k A ſpherical angle i is form'd by two i 7 
arches of a great ace, as ABC. Fig. 3. 


2, A ſpherical PERL is a part fs 


the ſurface of a ſphere, bounded with v. Fig. 3. 


three arches of great circles, as ABC. 


. The pole of a 8 is a point on the ſurface 
of a ſphere, equidiſtant from every part 
of the circumference of the ſaid circle. Pig. 4. 
Thus the points A and B are the * 17 
of the circles CD and EF. 5 


SUPPOSITIONS. 
1. All ſpherical triangles | are ſup 


radius contains I000O-s', . equal parts. 


Lg 


2. Ti ina ſphere two great circles ABC 
cut each other in the points A, C, their 


common ſection will paſs: thro the cen- _ i 


ter of the ſphere, which is common to 


both, and will conſequently be the diameter of [*:4 


both, and will divide both equally, 


3. The nes AB, which; pins Ahe two 5 of 


the circle CD, is the Ain: of the | 
ſphere, For imagining a great circle Fig. 6, 
to paſs thro* the points A and B, Which 


will cut the circle CID in the points C, D, the 


arches AC, and AD, BC, and BD, will be 


poſed to be _ 
made upon the ſurface of a ſphere, of which the 


I; 
2 7 


equal; ſince therefore the whole arch ACB, = 


T 
- 


— e TITS Dor EDT 7. 


— — — 6+ 


a 
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Fig. 7. 


will be alſo the po 


Pig. 7. 


In the ſame manner the oppoſite fp 
. ACD, will be equa], being each the 
of the angle ACB. 


T 9s 7. 


is ett} 


and e of the ne, : 


Note, If CID is a great circle, CB and CA 


will be quadrants ; as will all other arches of 


a great circle drawnthro' the poles A,B, U upon 


the circle CID. 


4. Every ſpherical 13 as ABC, is meaſurel 


by the arch AC of a cirde, of which} 
is the pole. This definition ſuppoſes, 

that the arches of all circles whoſe pole 
is B, will be ſimifar to the arch AC, if they at 
between the arches BA, BC. From whence i 
follows, that the angles diametrically oppoſite B, D 
are equal, being meaſured by the ſame arch AC; 


ſince by the fore oing Suppoſition, the point 
e of the arch AC. 


5. The ek BC falling 

makes two —_ ACB, ECB, equal 
to two right, ſince they are meaſure 
by the femicircle ABE, (by hi: = 


pony 


'6. If the circle ABC, * thro the ed 
of the circle BED, they will cut each 
Fig. 8. other at right angles. or deſcribing 1 


| great circle, of which let B be the pole 
it will paſs thro' the points A, C; ſo that Bl 
BC, will be quadrants of a circle, (by Sup. 3) 
but AE will alſo be a quadrant W as EC. 
Th 1 
| > 


whole arch ADB, ha line Ag 
Will 1 the diameter of the great eirele CBDA, 


upon the ith at 


A 


Therefore the angles ABE, CBE, will be mea- 
ſured by quadrants, 


7. If the circle BAD, makes right 5 
angles with the circle BED, they will 1 0 
alſo paſs thro each other's pole. fo. 


8. If the point B, be not the os of the circle 
DFE, but ſome other point, as A, the : 

arch BAE will be greater than any Pig. 9. 
other arch, as BF. 

| Draw BC right upon the plane DEF, and it 
will fall upon DE, (by 38. 11.) at the point C, 
which will not be the center of the circle DFE ; 
otherwiſe the lines BD, BE, would be equal, 
Draw BF, CF. 


; Demonft. The line CE paſſing thro⸗ the cen- 
cer of the circle, will be greater than CF; (by 7.3.) 
ben in the rectangled triangles ECB, FCB, 

"WW which have the fide CB common, the fide CE 

being greater than the fide CF, the baſe BE will 

wa be greater than the baſe BF; and. becauſe arches - 


Increaſe with their chords, till they become a ſe- 
micircle, the arch BAE will be greater than BF. ; 


BD will be leſs than any other, as BF, and BF 

vill be greater than any other which can be made 
between D and F, and wy than any other be- 
e ween Fand KE. D Re 


10. In every ſpherical MII ABC, 
each ſide, as AB, is leſs than a nice, Fig. Re 


or their arches AB, AC, being prolonged till 


ot 9. The figure xemaining as before, the arch. | 


1 


5 they meet in the point D, the arch AD Dae 
be a ſemicircle, (by __ 2.) 


11. In every ee triangle, as ABC, tay 
067 ſides AB, AC together are greater i 
: Fig. 11. the third BC. From the point B, wif 
the diſtance BA, - deſcribe the cüch 
DAF, and compleat the circle GRE. 
Demonſt. Since the point B is one pole f 
circle ADEF, the point C, which is di 
- fromyit leſs than the ſpace of a ſemicircle, (by tial 
preceding) cannot be its other pole, (by Saß. 
but ſome other point, as G, if BG is a ſemicird 
then the arch CA is greater than CD, (by Supa 
But BA and BD are equal, (by Def. g. Y therelog 
Ca, and BA, are greater than CB. 


12. The ſum of the ſides of a ſpherical = 
4 ABC, are leſs than :two' ſemicircle 
Fig. 12. For continuing AC, AB, till-they mat 


in the point B; their arches ACH 
ABD, are only equal to two ſemicircles: but 
B, are greater than CB, (by the preceding) 
therefore AC, AB, CB, are * leſs than iu 


ſemicircles, 


18 If. the 3 triang le ABC, has twoly | 
BA, BC, equal — 8 Of an 
- Fig. 13. ther ſpherical triangle EF, FG relps 
| _ tively ; and if the angle B, be equal 
the angle F; the two triangles are equal in eye 
reſpect. - 


| Demonſt. Letone triangle be laid on the oN 


then AB will cover FE, and BC will cover #0! 
therefore the baſe AC will cover the baſe BG 
otherwiſe * would cut each other in the 10 | 

E. 
2 


8 — 
* 


JE - 1 7 | 
b. G, and * baſe would be a ſemicircle, e 
$up, 2.) which cannot be (by Sup, 10.) L 


14. It is . alſo in een trian- 1} 
ples, as in rectilinear, that if the | . 
AB, AC, are equal to the legs E. Eg. 1 
DF ;. the angle included will be er, : 
or leſs, in the one triangle than in the other, ac- 


ö 


ſame manner it is demonſtrable, that iſoſceles tri- 


thoſe which have equal angles on than: FO 5 
Hoſceles triangles. 5 


| 15, If in the triangle A BC, N | 
angle A is greater than the angle C; Dig. I 5. 

the ſide CB will be rome than the , | 

ide AB. 
Demonſt. Make the wngſe DAC, Aal to the 
anole DCA, and and the arch AD will be equal to 
he arch DC; (by the preceding) but DB, DA, 

cer than AB, (by Cup. 13.) therefore BD, 
DC, will be greater 'than RAB. 


16. In the tring le A B 2 whoſe . A is 
cht, the angles G and B have the ſame 
ffection as the ſides oppoſite to them; Pig. 16. 
hat is to ſay, they are right, acute, or ” 
btuſe, according as the oppoſite arches are <qual 5 
p, or leſs, or greater than a quadrant, _ 
| Demonſ?. Since the arch AB is perpendicular 
pon the arch AC, it will paſs thro” its pole, (by 
. 7.) therefore "if the arch AB is a quadrant, 
be point B will be the pole of the arch AC (by 
up, 3.) and conſequently the angle C will be light 
vy . * but the arch AB cannot be aug- 
** mented. 


Wcording as their baſes are greater or- leſs. In the . 1 


Wanples have equal angles on their baſes and that 


. 
mented, or diminiſhed, without augmenting ord 
miniſhing the angle ACB: Therefore: the ang 
C will be right, or greater, or leſs than arighy 
according as the arch AB is a quadrant, or gte 
or leſs than a quadrant. rt. 
17. It the two ſemicircles ABC, ADC, © 

each other at right angles; the point} 
Fig. 17. the pole of the ſemicircle. ADC, mil 
divide ABC into two quadrants, |(l 


Def. 2.) In the ſame manner the point D, th or 
pole of the ſemicircle ABC, will divide A tb 
into two quadrants, Farther, the arch BNB. 
be a quadrant, (by Sp. 3.) and ſince E is tl =rc 
pole of the arch ADC, the arch ED will ln. 

= than the arch EF, and leſs than the a ( 

| N WII 
COROLLIARIES, 4 qua 
bo LA Tg 2 [the 
1. In every reQangled ſpherical triangle MAC 


b the baſe DE will be a quadrant, if 
Fig. 17. leaſt the leg AD is the fourth page 
| circle: But if the two legs are. great 
than a quadrant, as in the triangle CEF, or ifi 
are both leſs than a quadrant, as in the trag 
AFE, the baſe EF will be leſs than à qua 
Laſtly,” if one of the legs is leſs than a quadal 
and the other greater, as in the triangle CH 
baſe EG will be greater than a quadfant. 


2. The three ſides of a rectangled trianglea 
not each of them be greater than a quadrant; 
dan one fide be greater than a quadrants, and 
other two leſs. | +, 


o 
Ke. 


5 ˖ 
3 1 
8 
* 
* . 
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the arch oppoſite to the right. angle, cumorbe le | 
than a quadrants. . 5 | 
hana 1 les. 


& | c 
# x 0 + : 
4 } . 'F bn * 4 1 
; * * — - : 


Sg eb 


b 
| If the 55 triangle AB 0. WORE every 


one of its ſides leſs than a quadrant, has 
the angle B right; the fine off the angle Fig. 18. 
B, will be to the ſine of the oppoſite 
arch AC, as the fine of another angle A, to the 
line of the oppoſite arch BG. | 
Continue „ till BEibecomes dent; ſo 
ſhall the point F be the pole of the arch AB, 
which muſt! alſo be continued till AE becomes a 
quadrant : then deſcribing the arch FE, of which 
the pole muſt be _ an \ coriſequently the arch 
ACL will yo.” a uadrant, and LE the meaſure 
of the angle 7: ID you draw LH right upon the 
ircle a. 1 will all perpendicularly upon the 
common- ſeQion GE, and will be the fine of the 
arch LE, or of the angle A: LG will be the ſine 
total, or ſine of the angle B. . 
| Farther, draw thro the point O, a plane paral- 


pon the plane ABE. This plane will cut the 
lane, BCF, perpendicular upon ABE, and their 
ommon ſection CD will be right upon the ſame 
lane, and conſequently parallel to the line HL, 
Ind the fine of the arch BC. In the fame manner 
D, and GH, CI, and CL, are parallel, (by 16. 
1.) being the common ſections of the two pas 
el planes with à third; and as LG is found 
3 upon GA, IC will be alſo per- 

F 2 3 


3 


el to the circle ELF, and like it neee 5 


— — — 
— nao 
, , —— OIIY 
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— . 1M Worn ² Ä 2 AO — -- 
— 
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| LHG; being parallel to the Three ſides of the, 


; Fig. 19. oppoſite leg CB, as the. fine total u 


** YT 
FL 3 


33 


it 100 BY 


pes, upon., GA, and the ſine of the a art 


: Demonſtrat. | The ties! tides” of the ering 


angle CID, "the two triangles are equiangulir, 
(by 10. 11. ) therefore (by 4. 6. VLG, the Bed 
the angle B, will be to CI; the ſine of the 

ſite arch AC, as LH, the ſine of the v0 * to 
CD, the fine of the oppoſite arch BE.” 


. 
Le Maa a , 
1875 ? K: 


Ak . e 55 is bb to the, plane, in 
and CD perpendicular to the common Wi 9: 

Fig. 19. ſection EH, it will be right upon the 
plane; ſinee every line in . co, 


drawn PRO to DC: 4s un to be 
| SEN are 

1 5 o r. I > ha 8 | Bl 

© like 


In the e ſpherical triengle ABC, the e of * I 
angle A, will be to the- tangent of the 


the ſine of the other leg AB, 
Continue the arches AB, AC; BC, 28 abore 
then draw EI, the tangent of the arch DE, or 
the angle A; and BD, the tangent of the and 
BC; and by the foregoing Lemns: they Hal 
right upon the plane ABE. = 
Farther, thro' the line BD, draw) a plane 1 =. I 


Pann) 


Jel to the plane ELF, and like It — no 
upon the plane AB E; ; the common ſectaſ by t 
DM, BM, will be parallel to the common ſedi 8 

ons IG, EG; and as EG. is perpendicular upd | 
FG, BM will. be alſo perpendicular upon U © 

and will eee be the ſine of the arch BUR (eco. 


t 10% 1 | 

Demonſt. Since all the ſides of the triangle 
BDM, are) parallel to the ſides of the triangle 
IEG z itbe two, triangles ate equiangular, (by 
10. 11.) therefore El, tangent of the angle A, will 
be to BD, , tangent of the arch BC, as EG, ihe _ 
ine total a ne 15 line of the 1 W 5 79 F 
0 Ro DE, L's; | 15] 19 5 | NOI S's 

{Avro ad e ee 387 4.3; 

"By theſe two Propoſitions, are all:Caſes of right 
angled triangles reſolhed, in the manner follaw- 
ing; provided all their arches are leſs than qua- 
drants. 

Let ABC be a trian le, whoſe angle C is right; ; 
continue CA to G, fo that. GC may 


be a quadranty 172 'Gathe pole of, the. Fig, 20. 
uch B C, (by Sep. 3.) continue 2 
| BC, fo that Bl may be a quagrant, which. wi 


likewiſe make the arch GI a quadrant, (by Sup. 3 YN 
and its pole B, and, conſequently BA being conti- 
nued to the point H, will alſo be a quadrant. . In 
the ſame manner continue CB, ſo that CD may 
be a quadrant, and AC, till AF becomes à qua- 
drant; for, then DF, and (AE will be alſo dua- 


dants. 1 Te fy 4 
1 — 3 a x Was, * 9 * 
1 \ 4. 8 DT 


FA © K., 4 WR 
ws 2 7 « 1 5 


1 


£1 So | 
14 CASE, I 5 STI & 45 . - 


lk the 8 * and; the, LOR leg 2 be. 


| known ; the. baſe AB ma bel by la 7 ing, 
by the firſt Propoſition, 1 Pratt 


Sine of the angle A * bebe BC : : fine 
total: ſine 0 92 5% Ak. fy 


10 1 A = de fours, \, by ing by the 
econd, | 
. 2 3 a WR ee. | 


* 


NE f. 10² „ = 
2 ent e the -ungle A's 1 | mar 
ing 750 total: 51 bf bj e AG," : ALY 
total : tangent” BO: Ganze; waſh 
fe of AC. © vols 
The angle E may be alſo unde dera tri. 
angle BED will have its baſe BD, the comple. 
ment of BC, which is known ; and its leg DE, 


the complement of:EF, Which may be known, 


| becauſe it is the meaſure of the known angle A. 


AC, the other leg BC may be Known) wy i 


of the Ig BC. 


hi therefore, by the felt 4674 3.68 12 | 
Sine complement of BC: ine total: 1 comple th 
ment vo" the angle A: fon id the =" B+ | 


- 


11 che ande A PREY 25 Rs 


ſecond. .propofition, ' thus: Bas Al 

Sine total: ſme of the leg AC: agen oft 4 
angle A: tangent of the urch BG... 

Alſo the rn AB may be found, by the bean, . 

thus : 11111 | {USP ee 7 

200 tot”: eve ED; ns 7 the” tiny thy 

A angent of the angle D, a 4 

the arch AC : tangent of the arch Ez, un F 

plement of the baſe AB. 1 

Or the Hr. Fe of the 8 by the firtt thus = 

Sine total 

AC: 
; Es 2 oh 1 
As K m. os | 8 


1. the N A, and the baſe Az be W the 
* BC may be ſound, by the firſt, thus: 
Vine total: fine 0 of the "Ye AB: | * 05 


| 1 103 5 „ : 

Or the other leg AC may be 1 bythe fe 
eond, thus: 

Sine DE, complement of the angle Aiz fone u- 

tal: : tangent BE, Lets of AB: tan- 5 
| gent of angle D, complement of AC. Toy 
© r thus: 883 
Sine total: : fone 'DE, -complement-0 the angle A A:: 
tangent AB, complement of BE tangent AC, 
camplement of the angle D. 

And the angle B fnay be known by the ſecond, 
thus: 
Sine total: 15 ne AH, complement” of AB:: tan- 

gent of the angle A: e HC , complement 


7 the angi B. 


CASE W. 


If the legs AC and BC are known, the baſe. 
AB may be found, by the firſt, thus: . | 
Sine total H: fire GA, complement 2 "AC : t2 
ſme G, complement if BC: foe” A, com- 
plement of AB. 
ow angle A may alſo be found by the ſecond, 
us: 
Sine of the arch A C: fine total 2: tangent of the 
| + BY. tangent Fn a 1 A. E 4 
n the ſame manner may be found the angle B. 1 
us: Sine of the arch BC: Jie total: : Hangent * 
= AC: tangent of the angle B. 


CASEV. 


I the leg AC, and the baſe AB; are known, wu” 
[the other leg BC, 1 may be found by the frft, thus: 
| Sine of the arch GA, complement of . AC: fine 
tony era H:: ſine AH, complement of AB 5 ne G, 
complement of 1270 5 
fo | "+ 4 "The 


N Fs 3 _ . 
The angle A may alſo: be found by the fecomd, 
thus: ; 18 „„ 
- Tangent | of the angle D, complement of AU: 
8 -. tangent of BE, complement of AB:: . 
total: fine DE, complement of angle K 
And the angle B may be found by the firſt, thus, 
Sine of the arch AB: fine total C:: fine AC: 


Ane angle B. 
A e ; 
! 1 If all the angles are known, the baſe AB mj 


Wil be found by the ſecond, thus: „ 
Ul | Tangent of the angle A: tangent of the arch 
| 


— my *. ww, 4 @% wot a 


HG, complament of the angle B:: fine total: 

fine HA, complement of the baſe AB. | 

Or the leg AC may be found by the firſt, thus, 

Sine of the angle A: fine of the arch HG, comp. 

ae :: fine total: fine AG, complement 
In ul ſame manner may be found the leg BC. 


fi 
CO ROLL. II. 7 - 
Such right-angled ſpherical triangles as have tuo m 
? 
of 
th 


* 
* 


ſides greater than quadrants, ate e- 

Fig. 21. ſolv'd as follows. Let the triangle Ag 

bdbe propoſed, whoſe two ſides AB, BC, 

are greater than quadrants ; produce the ſaid two 
ſides till they meet at the point D, which will give C 
another triangle CAD, whoſe angle D will be equl Wi ar 
to the angle B, and the fide AC common to both; m 
the other angles, and the other ſides, will be tue i fur 
ſupplements to the other angles and ſides of the | 
triangle ABC; ſo that it will be eaſy to 7 
ee 


— 


— 


t 205 1 


trian AB C by the 1 ACD. 
1 range ABD by triangle EFG, oye the ſides 


If the 
EF, EG, en; the 5 les G and Ying, > 
F will be fach ; and the arch FG the” A 22. 
meaſure of th c angle E, (by ou. 17 . 


Note, 8 reſolutions will be aquivocth v us | 


cauſe the ſine * arch, and its ſu 
ment are the fame; in fach caſes, Av tri- Fig. 25 
angle cannot be truly reſolved, unleſs 


we know the affection of the an le, or of the arch | 


found, by means of the fine. Thus the triangle 
| ABC cannot be reſolved, tho? the angle A, and the 
, arches AC and BC are known, unleſs we alſo 


know the affeQiqn of the arch AB, all the reſt 


* 


eng as well with Ds auen DAY 


| N i316 4 111 26 p 

. #7 4 10 451+ 1 ER 0 v. „111. | 

k Fo 

r every ablique-angled 1 as ABC, the 

fine of the ax ngle A, is to i 14 of theses 

4 oppoſite — B the ſine of the Fig. 
nngle B, to the f — 7 the oppoſite arch” 40 


AC; Draw the: perpendicular arch CD, which 
may fall either within, or without the wiangle. 


fine A: ſine of CD, and conſequent]y, 


CD, is equal to the rectangle under the ſine A 
and the ſine of A C, 8 15. 6.) in the ame 
| manner, the triangle DBC,' being rectangled, the 


inc total D: fine C : fine B. line C „ from 
| Er „ | whence 


* 


* 


10 07 0 Since the triangle ADñC 18 . tt 
8 OY Prop. x.) the fine total D: 'to. the ſine 
GH AC:: 


the rectangle under the ſine total, and the fine : 


whence it will vgain follow, that dhe refangs 
under the five total, and the fine CD, will de 
equal to the rectangſe undef the Tine CB,, andthe 
fine B, as it was equal to the rectangle 'underthe 
fine AC, and the fine A; ſince then the rectange 
under the ſine AC, and the fine A, is equal to 
the rectangle underithe fine TE" aue 
C 
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Fin db lphetich tangle ABC, the Arch which 
8 flalls from th angle A, perpeg gien 
If Fig. 25. upon the baſe BE, be found withinthe 
11:11 triangle, as AD, then the angles B ail 

C will have the ſame affection as the arch AD, (by 

Sup. 16.) But if the perpendicular arch falls wilt 

out the triangle, as AE, then the angle B, and 
the ſupplement of the angle C, vix. ACE wil 
have the ſame affection as the ſaid arch AE, and 
lo the angles B and C prove diverſiy affected 


bs p . 
13 1 
* 0 # 
+ * A * 1 Las * 
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By this propoſition therefore oblique-ang 
triangles may be reſolued, by, thus etting fall p 
perpendiculars, and thereby rendering them re#-W © 
"angled triangles. * But their reſolution will be re Bl - 
deted more eaſy by the propoſition following:: BY e 
Let the oblique-angled triangle ABC be pn. th 
| | poſed, of which the legs AB, AC 2088 th 
Fig. 26, leſs than quadrants : draw the perp* ar 
dicular arch AD, which will fall eiche 
within, or without the triangle, and produce a 
2 . 


til AG becomes a quadrant; then from the 
point A, as a_ pole, deſcribe the quadrant GH, 


arches AC, AB, as BH, CH; will Be comple⸗ 
FH, EH, will be complements of the arches GP. 
the figure thus prepared; may be 'driwh'the fol- 
figure muſt be made for the triangle BIC, of 


drants. 


1. The tangents 'complements of the. legs, and 
the fines complements of the angles, which the 


46 perpendicular arch makes within the legs, are pro- 
"8 7ortional. ; | os 


In the rectangle triangle BFH, the tangent of 


je the angle H, is to the ſine total, as the tangent of 


of the arch BF, to the fine of the arch £7, (Oy | 


6. 27-2. 2.) In the ſame manner in the triangl 

„ CEH, as the tangent of the angle H, is to the 
line total ; ſo the tangent of the arch CE, is to 
the ſine of the arch E bs. Therefore, as the tan- 
gent of the arch CE, the complement of AC, is 
to the ſine of the arch EH, the complement of 
the angle EAG; ſo the tangent of the arch BF, 
the complement of AB, will be to the fine of the 
arch FH, the complement of the angle FAG. 


2. The 


ſo that H may be the pole of the arch AG:; the : 
arches DB, DC, being prolonged. will pass ew? 

the point H, (by Sup. 6.) fo that DBH; 'DCH, 
will be quadrants, as will alfo AE, and AF, and 
| conſequently CE, BF, will be complements of the 
ments of the arches DB, and DC; and the arches 

or GE, or of the angles GAF, GRE. Ftem 
lowing concluſions; but obſerve, that the fame 


| which the legs 1B and IC are greater chan qua- 


CONCLUSIONS _ 


| 


1 108 1 
2. The FIFTY comp 2 of the legs, and the 
s 


fines complements of 1 — between the logs, | 
and the 8 arch, are proportional. | 
In the triangle HBF, (by y Prop, 1.) as the for 

of the angle H, is to the fine total; ſo the fine of 
the arch BF, is to the ſine of the and BH. In 
the ſame manner, in the triangle CEH, as the 
ſine of the angle H, is to the ſine total; ſo the 
ſine of the arch CE, is to the ſine of the arch 
CH. Therefore, as the ſine of the arch BF, the 
complement. of the leg AB, is to the fine of the 
arch BH, the complement of BD; ſo the fine of 
the arch, CE, the complement of the leg AC, wil 


be to the {ine of the arch CH, the e | 
of CD. 7 5 


7e tangents of the angles of the WY art 
redprocally proportional to the fines of the- arches, 
between the perpendicular arch, and the legs, 
In the triangle BAD, (by Prob, a, the fine 
total: fine BD : : tangent B : tangent AD, 
Thereſote the rectangle under the ſine total, and 
the, tangent AD, is equal to the reQangle unde 
the fine BD, and the tangent B, (by 15. 6.) lu 
the ſame manner, in the triangle 'ADC, the tan- 
gent AD : the tangent C : : fine DE: ſine total, | 
and conſequently, the rectangle under the fine to- f. 
tal, and the. tangent AD, will be alſo equal to 
the rectangle under the ſine DC, and the tangent Wl 
C. Therefore the rectangle ey Fe the ſine DC, an 
and the tangent C, is equal to the rectangle under WY fo 
I the fine BD, and the tangent B; and therefore Bi 7: 
14. 6. ) the tangent of the angle C: to thetan- 
gent of the an Jays Hi : the due 1 the aich BY: the 

* ſine of the Wes DC. | ſou 
: 1 4. Tit 


* * % 
l * 
Be 4 4 a 


T 

4. The fines of the angles made by the perpen- 
dicular arch, are proportional to the ſines complement ' 
of the angles of the baſe, TD 

In the triangle BAD, (Caſe 1 Cor. 1. of Prop. 
1. & 2.) the fine of the angle BAD, is to the 
ſine complement of the angle B, as the fine total 
is to the fine complement of the arch AD. In 
the ſame manner, in the triangle CAD, the fine 
of the angle CAB, is to the fine complement of 
the angle C, as the fine total to the fine of the 


i angle B, is to the ſine of the angle BAD, as the 
| WF fine complement of the angle C, to the ſine of 
de angle DAT. : „„ 26-440] 


RET 


1 1. If in the triangle ABC, the angles A and B, 
| with the fide AB, be known, the tri- 
ne angle may be reſolved, becaufe the Fig. 27. 
D. Data are ſufficient to determine it. 
5 Imagine the arch AD, to fall perpendicularly 
de from the angle upon the oppoſite fide BC, in 


ſuch manner, that the angle B, which is oppolite 
to the arch AD, may be acute; this will produce 


| ifure and which all have the ſame ſolution. 
To find the angle C, Iook in the rectangled 
triangle AB D, wherein you know the acute 
angle B, and the hypothenuſe AB; look, I ſay 
| for the angle BAD, (by Caſe 3. of Cor. 1. Prop. 
I. & 2.) afterwards, ſay (by Concluſion 4.) | 
The ſme of the angle BAD : ſine complement © 
the angle B-: : the ſine of the angle DAC: to th 
ſme of the angle C. FFF 
„ | Ta 


arch AD; therefore the ſine complement-of the 


three different caſes, as they are expreſs'd in the 1 


5 14 110 } = 
'To find the fide AC, ſay (by Coclufh ion I. J; 

Fine complement ues the angle BAD : fine dias | 

of the angle DAC: : tangent complement. 9 the urch 

AgB: tangent complement of the arch AC. | 

In the {ame manner we may know BC > FR let 

ting the perpendicular arch fall on AC, 


COROLL. IT; 


If in the triangle ABC, the angles A ane p 
are known, with the ſide CB, let fall 
Fig. 28. the perpendicular arch CD, as above, 
which will give you the rectangle tri- 
angle BCD, of which you know the angle B, 
= the baſe BC ; therefore you will have the 
angle BCD, (by Caſe 3. of Cor. 1. Prop. 1. & 2.) 
| Afterwards, to find the angle BCA, ſay (by 


» 


| 
Concluſion 4.) 
The ſme comp. of the angle B: fine comp, of the i 
angle A: fine of the angle BCD: ſine of the ag 
DCA; then the ſum or difference of the tus angla t 
201% be the angle BCA. d 
To find 25 ſide CA, ſay (by Prop. 3.) : 

The ſme of the . A: fie o the arch BC:: 

| ey the angle B: fine of the arc 

+. To find the arch BA, ſeek 15 the triangle 4 
BCD, (by Caſe 3. of Cor. 1. Prop. 1. 2.) d an 
leg BD; then (by Concluſion 3.) ſay, - pe 
. The tangent of the angle A: tangent 0 the ang kn 
B: fo ne 4 the arch BD : fine of th the arc AD. 0 
e 
Oberve, FP kf 


I. If the-arch CD be the ſupplement of the ö 
' arch CA, and if DC, DB, be cont|- bo 
Fig. 29. nued till they meet in the point E. the 9 


arch will be alſo the ſupp fine, 


111 * 
of the arch CE; and conſequently the triangle 
ACE will be iſoſceles, and the angles A and 
equal; as will alſo, A, D; therefore the diffe- 
rent triangles BCA, BCD, will have the arch 
CB common, and two angles equal; ſo that to 


reſolve the triangle ABC, it is not ſufficient to 


know the angles A, B, with the ſine CB, but the 
affections of the angles, and of te unknown an. 
muſt be alſo TOWN. 1208 


2. If in the rectangled triangle ACD, the baſe 
AC is greater than a quadrant, the angles Ad, 
, CAD, will be 'diverſly” affected, (by Sup. 17.) 
k and on the contrary; from thende it follows, that 
) to determine the affection of the arch AC, and of 
| the angle CA D, it is neceſſary to know the 
affection either of the one, or the other. The 
ſame may be ſaid of the arch BA; for if in the 
rectangle triangle BCA, the baſe CA is greater 
than a quadrant, the legs BA, BC, will be of 
en e and the , | 


is 


COROLLA. 


If the two ſides AB, AC; and angle A he: tri 
angle ABC are known, draw the per- ; 
pendicular C D from one of the un- F:7 73 30. 
known angles, upon one of the known 

lides; then to know the angle B, you muſt find 
af arch AC, (by Caſe 3 * 1 (by n. 3) 


Sine BD: ine AD-: leg A: tangent B. 

The ſame muſt be done for the _ ; then 
to have the arch CB, you ſay (by Concluſion 2.). 

dine comp. AD: ſine comp. DB: : fine comp. AC: 


ju comp, CB, 
D. : 


I 112 1 
E ORO L L. IV. 
If in the triangle ABC, the cies AB, Ac 


and the angle B, are known, the ul. 
Ek. 31. angle cannot yet be reſolved,” without 


knowing the affection of the angle C; 
for ſuppoſing the arches AC, AD, are equal, and 
that the arch DC be prolong'd till it meets with 


the arch BA in the point B.; then the different 


triangles ABD, ABC, will have two fides equal 
and one angle equal ; but then, the angle ACB 
will be the ſupplement of the angle ADB; ſo 
that in knowing the affection of the 
Fig. 32. angle C, the triangle may be deter. 
mined. To know then the! naghd, 0 
fay (by Prop. 3. 
Sine AC: * of the angle B hee th a 
AB : ine of the angle C. 
Farther, to find the angle A, let fall the. 45 
pendicular arch AD, as in the! firſt caſe, and 
look in the rectangled triangle ADB, the angls 
BAD : (by Caſe 3. WA m 1 2) 
ſay (by Conclu ian .) 
Tangent complement of the 9 BA: tangat 
comp. of tbe arch AC:: ſine comp. of the angi 
BAD: /ine comp. of the angle DAC. 
. - Laſtly, to know the fide BC, you muſt ſeek 

in the rectangle triangle ADB, the leg BD, (b 
Caſe 3. of Cor. 1. . 17 & 2.) Wen 1 (by 
Concluſion 2.) 

The fine comp. of the 12 AB: fine "comp. of ih 
leg AC:: fine comp. of the ene BD: T0 compe 
"_ the arch DC. | 


PROD 
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contained under the ſines of the legs ZP, ZO, is to 
the ſquare of the radius, as the difference between 


the verſed ſine of the baſe or third fide 7 

| Zo, and the verſed fine of the difference Fig. 33, 

L of the legs to the verſed ſine of the angle 

; contained by thoſe legs. 

' For let HZON be a projection of the ſphere 
on the plane of a great circle, whereof ZP is a 


part, and let PAS and EAQ be two diameters, 
0 the former paſſing thro? the angular point P, and 


In any ſpherical triangle. ZP©, the 'reQangle | 


the other perpendicular thereto; alſo let ZAN 
and HAO be two diameters whereof the former 


ih paſtes through the angular point Z and is per- 
I pendicular to the latter. Let DF be drawn 
1 through the other angular point O parallel to EQ 


and let the perpendiculars PG, PS, DB, DT, 
VoM, IL, and OK be drawn; then AG (PS) 
will be the ſine and PG the co-ſine of ZP, DI 


(DT) the ſine and DB (AT) the co- ſine of DZ, 


and Z T the verſed fine of DZ. Then by fimilar 
triangles AE (AR): AG:: Do: DM; and by 
the property of the. ellipſis AE: DI:: EW: 
DO 3 whence by compounding the two propor- 
tons AE : AG DI:: EW: DM; and conſe- 
quently AG DI: AE *: ; DM: E WM 


COR OEL. 


4 
* 


the fine and Al the co-ſine of PO or PDA B 


EW the verſed fine and AW the co-ſine of the 
angle P, VR the ſine and AR the co-ſine of Z©, 


1 — .. 7—˖— 7 —˖—%—’; tb rt RA 42 
— * OP 


COROLLARY. 


As AG the ſine of one leg: AE the radius: + 
EW the difference between the verſed ſine of the 
baſe Do and the verſed fine of the difference of 
the legs: to a fourth ſine. Then Dl the fine of 
the other leg: AE the ſine total:: the fourth. fine 
found: EW the verſed fine of tbe angie DPG. 


Lin k 


If AB is the radius of a circle, and BE the . 

* fine of half the arches BD, DC; if, 

Fig. 34. farther, we take CM, the difference of 

. the arches BD, DC; I ſay, that the 
fine total ſhall be to BE, the five of half the arches Wil + 
BD, DC, as CH, the fine of half their difference, Wl 
to CI, the half of CL, or GN, which is the di. Bl 
erence between the verſed fine of the great arch Wl .. 
BD, and the verſed ſine of the leſſer one DC. 0 
Diemonſtrat. Since the angle EAB, which 1 - 
meaſured by half the arch BC, is equal (by 20. 4) t 
to che angle CMB or IHC, for CI being tie - 
balf of CL, and CH the half of CM, JH vill Wil * 
be parallel to ML (by 2. 6.) the two rectangis un 
ABE, IHC, will be ſimilar; and conſequently 8... 
(by 4. 6.) AB: BE:: CH: CI. From whence By... 
we conclude, that the rectangle contain'd under N ver 
the fine of the half of two arches, and the fine A 
half their difference, will be always equal to ti108F.. 
rectangle contained under the fine total, and hall... 
the difference of the verſed ſines of the ſame arcnewil 1... 
theſ 
ang] 


121 


6 yz +; 


$ E'M-M- A *. 
The TS, of AC, whi, is the fine = batt 


* wy. : 8 805 


| the arch AB, is equal to the rectangle 
under half the radius, and under the Fig. 35. 
verſed fine DB. Draw the. perpendi- * 
" culars AD, EC. 
Demcnſtrat.. ne eee triangles NY 
ECB, having the angle B common, will be ſimi- 
lar; therefore. (by 4. 6.) EB: BC :: BA: BD, 
or the half % B: BC. 0 Jplf. of AR3- 
1 POE N P, v. 


be In erery aha a8 ABC, the 1 un 
der the fines 6f the arches BA and 

CA, is to the ſquare of the ſine total, Fig. 36. 
i the rectangle under the ſine of half 

an arch compoſed of the baſe BC, and of the dif- 
ference of the arches BA and AC; and under the 
fine- of half the difference. between the baſe, and - 


ſquare of the ſine of half the angle A. 

Demonſtrat. By the foregoing, che rectangle 
under the ſines of the arches AB and AC, is to 
dhe ſquare of the ſine total, as the difference be- 


_— tween the verſed fine of the baſe BC, .and the 
oy f rerſed ſine of the difference of the arches AB and 
r AC, to the verſed fine of the angle A. Put in 
Oh the place of theſe two laſt lines, two rectangles, 
— which ſhall have the fine total for their baſe, and 


theſe two lines for their height, or the half of 

theſe rectangles, and you will find that the rect - 

angle under the ſines of the arches AB and * 
Wi 


the difference of the arches AB and AC, to the 185 
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Wn 
will be to the ſquare of the FIR total, as the 
rectangle under the ſine total, and under half the 
difference between the verſed fine of the baſe RC, 


and the verſed ſine of the difference of the'arche; 
AB and AC, is to the reQtangle under half the 
_ fine total, and the verſed ſine of the angle A. But 
by Lemma 1. this third rectangle is equal to the 


rectangle under the ſine of half an arch compoſed 
of the baſe BC, and the difference of the arches 
AB and AC, and under the ſine of half the dif 
ference between the baſe BC, and the difference 
of the arches AB and AC; and by Lemma 2, 
the fourth rectangle is equal to the 2 of the 
line of half the angle A, Therefore the reQanple 
under the line of the arches AB and . ee | 


CORQULARE 7 1 


To find the an le A of the wang ans of 


which all the fides are known. 


12 Add the logarithms which mfr! to. 45 * 
i the two arches AB, AC. 1913 


Une Double the logarithm of th fone wit.” 5 


3. Add the h kerne which anſiberi fo is " 
- of half. an Ek compoſed of the baſe BG, 


and of the difference of the arches AB, N 


to the logarithm which anſwers to the foe ſ 
hal, the difference, 3 555 the baſe, and 1 
difference of the arches AB, AC. en 


3% 434 


| Then will you have three terms, of „dich the 


fil being N from the ſum of the A 
doom 


— 


17 1 * 
others, half the remainder will be the Togarithm 
anſwering to the ſine of half the angle A. | 5 | 

Note, If the ſides AC, AB, were equal, we 
'' ſhould. draw a perpendicular upon the baſe; 
| which would divide it equally. : © 

"BN o r. the Taft: 


Let the triangle ABC be propoſed, wherein 
A is the greateſt angle, and is allo the 


- pole of the circle KFD; let B be the Fig. 37. 
1 pole of the circle HED, and C the 
ge pole of the circle IE. Theſe three circles will 


form the triangle FED, of which the ſide FD, 
oppoſite to the angle A, will be its ſupplement; 


dle ſide FE will be the meaſure of the angle C; 
and the arch DE the meaſure of the angle B. 
Com pleat the circle AC, and all the other arches, 
5 


till they terminate in the ſaid circle. l 
Demonſirat. Since the points A, B, C, are the 

poles of the circles KD, HD, IE, the angles 

I, K, L, M, G, H, will be right, (by Sup. 8.) and 


bor the ſame reaſon the point D, E, F, will be 
U the poles of the arches AB, BC, AC; from 
LY: whence it follows, that DG will be a quadrant, 
je fo (by Sup. 4.) as FK; and GK, which meaſures / 
"BC the ſupplement of the angle A, will be equal to 
i 10 D. In the ſame manner EL, and FI, will be 
* "8 quadrants, and conſequently IL, which meaſures 

* f the angle C, will be equal to the arch FE. Laſtly, 


DH, and EM, will be quadrants; and conſe- 
quently, HM, which meaſures the angle B, will 
de equal to the arch DE. . 
Farther, the angles of the triangle FDE, will 
be meaſured by the oppoſite "ſides of the 3 le 
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value of the ſide AC. 


proportional: between the fine comple- By. 3% 


1 ] 


: ABC ; bo only chat in the place of the greateſ-ange 
= E, its ſupplement mult be taken. 3 


Demonſti. The arch HB, and the and AG, 


are equal, being. bath. quadrants, (by Sup. 2. 


cherfore GH, which meaſures the » D, i 
__ to the ſide AB. i 


COROLLARY 


If in the triangle ABC, the three angles 2 we 

- known, 1 ſuppoſe, in oppoſition to it; 

Fig. 38. another triangle DEF, wherein makin 

DF the ſupplement of the angle A, 

give to FE the value of the angle C, and to DE 

the value of the angle B. Then ſearching, by the 

foregoing, the angles D, E, F, the angle E'gives 

me the ſupplement of the fide BC, the angle 8 
the value of the ſide AB; and the ey 4rd 


Obſerve, A all T; rigmmery, 


That as thoſe analogies which have the ſine 
total for their firſt term, are moſt commodi- 
ous for working, it will be convenient to 
change ſuch analogies as have it not, into 
others which have, which may be done y 
means of the following refleQtions, 


. The fine total AB, is a mean 


ment AC, and the ſecant AD. If 
therefore the following analogy were, propoſed, 


I. - 
& : 
'F, 
7 179 


8 na Ap a£A©w 


E.G 


The ſme complement of the latitude of the place : 
N fine total:: ar of the ſun's declination : ſine 
5 of his amplitude.” - Es 


I ſhould change it into this Ef 
Sine total: ſecant of the latitude : : fine of the 
_ declination : ſine of the amplitude. #; 


2. The fine total AB, is a mean proportional 
between the tangent BD, and the tan- 
i gent complement B C, ſince the tri- Fig, 40. 
angles ABC, ABD, are ſimilar. If $9 
; then the following analogy were propoſed, - 


L 

hr Tangent of the greateſt declination of the ſun © 
hl fine total: the tangent of the preſent declina- 
D, tion of the ſun : fine of its diſtance from its 
the neareſt equinoctial point, 


I ſhould change it to this, | 
Sine total: tangent complement of the great 
declination:: &c. ol 
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19 2 2 Lines, Suttaces, and Solids. 


84 75 INN . 


W 6 3 
P A 5 R 3 5 / 


engths are known or determined, as a | Fathom 
Fat, an Inch, &c. 


PRO r. I. 
To meaſure A 
If from the point A, a plummet B be ſuſpended 
dy the line AB, and thro! the point D 


be line AB, the line CA will be what 


>. 


lint D. 
a=... 


N Pic l Griokprin is here 
= meant in general, the art of meaſuring | 


NIGHT . or 1 "oak are 1 by 
compariſon. with other right lines, whole 


line DC be drawn perpendicular to "Fig. 1. 
e call the height of the boint A above the 
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line CD with your rule, you may reſolve the ui 


| | „„ 
This idea of height, though not quite exact, y 
ſhall be ſhewn in another place, is ſufficient it 
preſent for us to conclude the height of any 
thing to be a line ſenſibly parallel to the thread 
of a plummet, in the place of obſervation, - 


2. Let it be propoſed to take the height of the 

| tower AD, Place the foot of you 
Fig. 2. inſtrument, (which may be either a 
quadrant, or a ſemicircle divided into 

degrees, Oc.) in any point of the-herizontal line 
CD, whoſe length you may meaſure with your 
rule, then diſpoſing your inſtrument ſo that the 
plummet may play freely on the limb, look thro' 
the two ſights till you ſee the point A, the top 
of the tower; for then will the point A, and the 
two ſights be in the ſame right line AC, and the 
thread of the plummet FE being parallel to the 
perpendicular height of the tower AD, the angle 
EF C will be An to the angle CAD, (by 15. 1.) 
which will be alternatively oppoſite to it, and 
conſequently the angle complement of the ang 
EFC will be equal to the angle C, the comple 
ment of the angle A. Meaſuring therefore th 


angle ADC. (by Trig. 12.) according to the fol 
lowing analogy 9 | 
As the fine of the angle A : to the line CD: 
the fine of the angle C: to the line AD. 
Ti, the ſame manner you may find the leng 
of the line CA, | 7 
You may alſo reſolve or meaſure the triang 
AQ by protraction, thus: Lay down from a 
ſcale of equal parts, ſo. many parts on the - 
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„ ; 
EF, as you find feet or fathoms, Ir. in the line 
CD, and drawing the perpendicular FG, lay - 
down the line GE, ſo as to make the angle 

FEG equal to the angle C; for then the triangle 
EFG being ſimilar to the triangle ACD, you 
may conclude, that there are as many feet or 
fathoms, &c. in the line AD, as you find parts of 
the line FE, in the line FG; fo that the line 
FE will ſerve as a ſcale, to meaſure all the lines 
of the triangle ADC, i 


3. If you were to meaſure the height of the 
rock AC, above the ſurface of the - 
earth B, and could not apply your rule Fig. 3. 
to the horizontal line BC. Take two S465 
points, as B, D, any where in the line BC, ſo 
that you may meaſure the diſtance BD with your 
rule, and can ſee the point A thro* the ſights of 
your inſtrument ; then at the point B take, as 
above, the angles BAC, ABC, and at the 
point D the angles DAC, CDA, which will 
- furniſh you with the following analogies: dir, 
As the fine of the angle BAD : to the line 

BD : : the fine of ibe angle : to the 

line AD. 5 | 
Then, As the fine of the angle C: to the line 

= : .: the fine of the angle CDA: line 

Or geometrically ; laying down upon the line 
EF fo many e e. there are feet, &c. 
between B and D, and making the angle GEF 
equal to the angle B, as the angle HFG muſt” be 
equal to the angle D; then from the point G, 
where the lines EG, FG meet, draw the perpen- 
dicular GH, and the figure HFEG, will be 
lmilar to the figure CDBA, and the line FE 

G 2 will 


— 


N „ 
will ſerve as a ſcale for the meaſurement, that is, 
all the lines of the figure HFEG may be mea. 
ſured by the ſcale from which the line FE vas 
laid down. 95 # . 1 

4. If you cannot find two; points in the ſame 
Ke. I level, chuſe two points B, D, whoſe 
Fig. 4. diſtance you can meaſure at leaſt with 

| a cord, and from both which you 
may ſee the point A, thro' the fights of your in- 
ſtrument; then from the point B, take the angle 
DBC, ABC, BAC, and from the point O, 
the angles DAC, ADB, and you will have no 
trouble to reſolve the figure ADBC, or to make 
a ſimilar one EIGH, of which EI will be the 
ſcale. 7 VVV 
| F. In the ſame manner may be mes 
Fig. 5. ſured the lines AD, AB, from the top 
of a tower, provided we know the line 
AC, or DB, or DC. $5 =O 


Pe 1. 
To meaſure inacceſſible Diſtances. 


Suppoſe you would know the diſtance betwixt 
ct )o trees A, B, ſtanding on the other! 
Fig. 6. fide of a river: Chuſe two tations, # 

C, D, the diſtance between which you 
may meaſure ; then planting your inſtrument i 
D, and taking care it lies truly horizontal, look 
thro? the ſights till you ſee the points C, A, B, f0 
| ſhall you find the angles ADB, BDC; do de 
| ſame at the point C, to find the angles BCA, 
ACD, then will you be furniſh'd with fuſſici 


To lay down the 


* 


6 


gata to reſolve the ſigure ABCD, or to make a2 
fimilar one GHFE, meaſurable by the fame. 
f.ale from which you laid down the line FE. 


PR O p. II. 
Ichnographical Plan of a place 
© "1? HO WIT. 7 ET CTR OAT 
An ichnographical . plan is a figure ſimilar to 
that which the thing itſelf makes upon the earth's 
ſurface. Thus the plan of a houſe is a juſt re- 
preſentation of the figure ſuch houſe makes upon 


the level whereon it ſtands, _ 


1. Provide a ſcale divided into what parts you 
pleaſe, as ſuppoſe fathoms, feet, and 


inches, as in Fig. 7, making your divi- Fig. 7. | 


lions for fathoms greater or lefs in pro- 
portion, as you would have your plan large or 


ſmall. 


The uſe of this ſcale is very eaſy : For if L 
would, for example, take upon it 3 fathoms 4 feet 
2 inches, I place one foot of my compaſſes on the 
point A, common to the line of 3 fathoms, and 
that of 2 inches, and extend the other foot to the 
point B, where the line of 2 inches cuts that of 


| 4 feet, and the diſtance AB, will evidently be 


3 fathoms 4 feet 2 inches. (See in the Appendix 


the deſcription and uſe of Diagonal Scales.) 


2. Several inſtruments are uſed for taking the 
angle made by two walls, but the beſt- 1 

fort is that called a Adetragon, made of Fig. 8. 
two rulers, join'd fo at C, as that they _ 
may open and ſhut ; round the point C is de- 
| N G | Rennes 


| . „ | 
_ ſcribed a circle divided into degrees, and on the 
point C, or center, is fixed a ſmall index, which, 
as the rulers open or ſhut, runs thro” the diviſions, 
and ſhews exactly the diſtance they land at. 
The uſe of this inſtrument is, by applying one 
ruler to one wall, and the other to the other, 
either on the inſide, or the out, and the index 
will ſhew the angle they make with each other, | 


3. Suppoſe it were required to take the ichno- 

graphical plan of the building ABC. 
Fig. 9. Meaſure the length DE of the wall A, 

and taking the ſame meaſure from your 
ſcale,” ſet it upon the line HI; then taking the 
length of the wall B, and the angle it makes with 
the wall A, ſet off from your ſcale the length of 


the wall B, upon IK, laying down the line IK, 
ſo that the angle HIK, may be the ſame that ft 
the wall A makes with the wall B; do the ſame h 
with al} the other walls, and you will produce the u 
figure HIK LM, which will be the plan of Wl : 
the building ABC. The reaſon of which is WM b 
4. But becauſe the multitude of walls and k 
angles to be taken in a large building, ). 
Fig. 10. may cauſe ſome error t6 flip in and Wil pe 
ſo hinder the cloſing of the figure, ob- R 
ſerve the following method: Suppoſe a plan were F 
to be taken of the building R. Extend the chord ill P 
AB, divided into fathoms, feet, and inches, along F 
one fide, as AE, the length of which you my n 
tranſport from your ſcale upon HI, which you Bi th 
may continue or produce as an obſcure line, o i in 
what length you pleaſe, Farther, having a arp a 

l 


ſquare, flide one of its ſides along the chord, 
| (ne 


; L . 5 
he the other, exactly anſwers to the point D, then 
h, take from your ſcale the diſtances AE, and EC, 
55 and having laid them down upon HIM, ſet 

nxewiſe the diſtance CD upon the perpendicular 
ne MN, and the point N in the plan will repreſent, 
er, the point D. Do the ſame for all the other points, 
ex as you may ſee in the figure, fo ſhall the figure 
be the exact plan of the building R. G 


in this manner may the plan of a City, with 


0 is {cveral ſtreets, be eaſily taken. 

A, Pr oP, IN: : 

our | 3 
the To take Ichnographical Plans at @ diſtance. 
ith | | | 


- Suppoſe a plan were to be taken of the place A. 
Chufe two ſtations, as B, C, as far 
from each other as you can convenient- Fig. 11. 
ly, ( meaſuring the diſtance) . from > 
whence you may fee the moſt angles of the-place, 
a3 E, F, G, H, I, K, then fixing your inſtrument * 
| horizontally at the. point B, take (of Prop. 2.) 
the angles EBC, FBC, GBC, HBC, IBC, 
KBC, do the ſame at the point C, for the angles 


KCB, ICB, HCB, &c. jen king upon 
ing, WT your paper two points M, N, to repreſent the 
and Wi points B, C, make the angles *OMN, PMN, 


MN, SMN, Ge. equal to che angles E B C, 2 


ver F BC, GB C, 4. and cha pngles ON M, 
nord P NM, RN M, equal to the angles E CB, 
long F C B, GCB, Se. and the lines MO, NO, 
may meeting at the point O, as the lines MP, NP, at 


the point P, Fc. will form the figure OPRSX T, 
limilar to the figure EFGHIK. „ 
To proceed with the plan, you muſt take two 
other ſtations, D, L, which are repreſented in the 
G4 Plan 


J "= 
plan by two other points, as Z, Q, in making the 


angles I NZ, Z TN, equal to the angles 
KD, DKC, and the angles Z TQ, QZT,. 


equal to the angles LKD, LDK; it will be 
eaſy thus to take as many ſtatjons as you pleaſe, 
doing in all reſpects as at the ſtations B, C, to take 
in the whole circumference of the place, Each 
fide may then be meaſured by the ſeale, from 
which you took the lengths of your Rtationary 
lines, | | e 


Nie, 1. It will be ſlill more eaſy to take plans | 


of fields, and of roads, where. you only fix 

our inſtrument at ſome principal points, 
which will ſerve as ſtations for taking thoſe 
between them, _ | 5 


2. When we are obliged to take the plan of any 
place upon the ſea, we uſe the Compals for 
taking the angles pw 
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To meaſure SUXFACES. | 


my URFACES, or ſuperficies, are ovens * 
fix 

compariſon with certain ſquares, denominated 
15 from the meaſure of the reſpective des, MR 


fathoms, or ſquare feet, Oe. 
PRO r. V. 
To meaſure plane 8 ur faces. 15 


Jo find the area or content of the rectangu- 
S parallelogram ABCD, multiply its 
baſe AB by its height AD, and the Fig. 12. 
product will give you the content, that | 
is, the ſquares it contains: and as any other paral- / 
lelogram, ABFE, is equal to a rectangle ABCD, 
of the ſame baſe and height, (by 35. 1.) its con- 
tent will be found by multiplying its baſe by its 
perpendicular height, as before, tho* it be not 5 
a rectangle. | 


2. The nen ABC, * the 
balf of a parallelogram of the ſame baſe Fig . 13. 
and heizht, (by 37. 1.) to have its con- 
tent you. muſt eithes multiply its baſe by half its. 
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height, or its height by half its: baſe, or mult. 
half the product. _ 


Fig. 15. half of CD, by the height EF. But f 


* thoſe in file, you have the anſwer. 


1 | 4 To find the area of a regular polygon, as A; 


* 
1 


1 150. J. 
plying the whole baſe by the whole height, take | 
In the trapezium ABCD, the op- 


Fig. 14. 0 ſides AB, CD, are parallel, there- 
fore multiply the half of AB, and the 


they are not parallel, multiply the diago- 
nal AC by half the ſum of the perpendiculars 
DE, BF. | | | 


RE M AR K. 


Thus Surveyors meaſure land, and thus Artifi- 
cers meaſure their works, as pavements; roofings, 


and fluors, Sc Theſe propoſitions may allo be 


applicd to the Military Art, in finding what a 
number of men compoſe a battalion or ſquadron; b 
for by multiplying the number of men in rank by A 

e 


draw from the center A, the perpendi- 
Fig. 16. cular AB, to one of its fides HC, 

which being multiplied by half the cit- 
cumference, or ſum of the ſides, will give the con- 
tent: For if IR be taken for the height of a tr 
angle equal to BA, and the baſe IP be made 
equal to the circumference CDEFGH, the ti 
angle [RP will be equal to the polygon A. 


5. A circle may be conſidered as a polygon of 
an infinite number of fides, to which its radius 
is perpendicular; therefore its area may be found 
urdie its radius by half its circumference. 


d thus we ſhould find the quadrature of a 
| VR | circk, 


* 1 


R could exactly determine the proportion between the- 


eircumference and the diameter. We can only | 


find, by calculation, that the-circumference is to 


f th: diameter nearly as 22 to 7, ot nearer, as 
5 3514159 . 5 f 
e To meaſure a ſurface whoſe bo ndaries are ſome 


if of them ſtrait lines, and others curve, 


* divide it into ſeveral triangles, which, Fig. Ps 


y by reaſon of their ſmalneſs, may paſs 
for rectilinear, wes 12 conſiderable error. 


fi- To meaſure curve & . 

8855 
be 1. To find the ſurface of a reCtangular cylinder, 
hat multiply the circumference of its baſe, 
n; 


by its height ; for if you imagine the Fig. 18. 
curve ſurface of a cylinder cut open and _ 


parallelogram, whoſe height is that of the cylinder, 


and its baſe a right line equal to the circumference: 
of the cylinder. 


multiply the circumference of the baſe 
by the line BD; becauſe its ſurface Fig. 19. 
will be an infinite number of parallelo- 
grams, having all the ſame height BD, and whoſe 


of the baſe of the cylinder. 
2. If the circumference of the baſe 


balf its fide EF, it will produce the 


area of its ſurface 1 which i is s the ſum of an infinite 
number 


Y 


eircle, ( which has never yet been obtain'd) if. me | 


extended to a plane, it will become a rectangular 


If the cylinder A is not rectangular, you muſt | 


baſes all together will make up the circumference 


of a right cone A, be multiplied by Fig. 20. 


1 432 MY 
number of triangles, whoſe height-is FF, and 

all whoſe baſes together form the circumference | 
of the baſe of the cone. me 


. E M M A 2 2 


If a right cone be cut by a plane parallel to its 
baſe, the common ſection D will be a 
Fig. 21. circle, whoſe radius will have the 
TE: ſame proportion to MA, the radius of 
the baſe, as CD to CA, or as DO to MA, 
(by 4. 6.) and as this ſection will be perpen- 
dicular to the axis CDA, (by 1. II.) the part 
DC of the divided cone, wall itſelf be a right 
cone. g 2 | | 


COROLLARY. 


If HG be ſuppoſed equal to the circumference 
of the circle A, and LF equal to the fide CM; 
if alſo EF be equal to the fide CO, then will 


IEE, parallel to HG, be equal to the cireum- 


ference of the circle D. For the circumference of 
the circle D, is to that of the circle A, as DO to 
MA, or CD to CA, or as IK to GH, which 
was ſuppoſed equal to the circumference of the 
circle A, Thus the triangle FIK, will be equal 
to the ſurface of the cone DC, and the trapezium 
IKGH, will be equal to the ſurface of tis 
RS. ĩ 2 
In the ſame manner, if we ſuppoſe the baſe J, 
equally diſtant from the bafes D, and A, ig 
circumference will be found equal to the line 
RP of the trapezium, equally diſtant from the 
line HG, and the line KI. But the trapezium 
GHIK is equal to a rectangular parallelogral 


131 3 
of the ſame Ws. having RP for its ilk 


therefore the furface of the ſection of a cone, is 
equal to à rectangular parallelogram, whoſe baſe 
is equal to the circumference of i its mean baſe V, 5 


and * que to the ſide OM. 


L EMMA II. 


Suppoſe the miei AKG, touch'd by the 
line OB in the point C, and by the 


line AE in the point A; further, ſup- Fig. 22. 


pole CB, C O, equal. Draw B E, 
ON, and. CM, parallel to AG; and LE, XF, 


parallel to AE; if then the whole figure de ſup- 


poſed to be turned about the perpendicular LK, 

whoſe point L is the center of the ſemicircle, the 
line OE will deſcribe the ſurface of a right cy= 
linder, whoſe radius will be ON, or LA, and 
its heigkt XF; and the line OB will describe 


the ſurface of a ſection of a cone, the radius of 


whoſe mean baſe ſhall be CM, and its ſide 
OB ; I fay, that theſe two ſurfaces wall be equal. 

| Draw 

Demon trat. The. rectangular triangles EOB, 
CML, are equiangular, for the angle BCM, 
which is equal to the angle B, (by 1 5. 1.) the 
complement of the angle O, is alſo the comple- 
ment of the a LC Then (by 4. 6.) EO, 
or XF: OB ; : CM: Cl., or AL; and 4 
the radii are in the ſame ratio as the Circumſe- 


rences, (by 1. 12.) XF, or OE: OB : :'the 


circumference of the mean baſe' CM: the cir- 


cumſerence of the baſe AL. Therefore (by 15. 6.) 


the rectangle under OE, and the circumference 


of the baſe "AL, which is the ſurface of the c) 2 
"> er, 
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1 134 J | 
der, is equal to the rectangle under OB, and the 
exrcuntfecence of the mean baſe CM, which i is the | 
| furface ofthe ſection of the cone. 

E the point B falls in the line LK, hs fame - 

thing will follow, tho' the cone be not 
Fig. 23. cut. For the triangles XBN, CLM, 


will be ſimilar, and conſequently BN, 
or OE: XB :: CM: CL. 


G0 ROL L. I. 


If about the ſemicircle A be circumſcribed the 
| polygon DBE, and the perpendiculars 

Fe 24. AB, DC, EF, be drawn upon the 
| Amelie DE; ; if, further, the whole 
ure be ſuppoſed to be turned about the line 
AB, the ſides of the polygon will deſcribe ſur- 
"Sit of cones, which all together will be equal to 
the ſurface of the cylinder deſcribed by the line 
DC. But the ſemicircle is a polygon of an infi- 
Bite number of fides ; therefore the ſurface of 
the ſemiglobe, which it deſcribes, will be equal 
to the ſurface of the cylinder-deſcribed by the 

line DC, 


COROLL. I. 


If the ſurface of the cylinder, and that of the 

ſemiglobe, be each of them divided 

Fig. 25. into ſeveral parts by parallel planes, 

| each part of the one, will be * to 
* e correſpondent part of the other, 
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| 1 4 P R OP. VII. | + 
To find the ſurface of a ſemiglobe, multiply 


its radius by the circumference of one 


of its great circles, or by 22 of its dia- Fig. 26. 


meter. In the ſame manner, to meaſure | 
the concavity of a vaulted or ſpherical roof, paſs 
a circle thro* its ſummit D, and thro' two points 
E, C, diametrically oppoſite ; then multiply the 
height AD by *5 of the diameter of ſuch circle. 
All which follows from the preceding Coroll. 


We take no notice here of ſurfaces. deſcribed. 


by the circumvolution of parabolas, hyperbo- 
las, ellipfes, &c. nor of bodies bounded by 
thoſe figures, as not being neceſſary to our 
preſent deſign. 
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To meaſure 8 0 L 18. 0 

EE RK: 

tOLIDS are meaſured by compariſon with WM oi 
ceftain known cubes, denominated from their 
reſpective ſides; as -cubical fathoms, cubical 

feet, &c, . 5 5 

| 4 | ce 

Sy PR O Pp. VIII. by 5 

0 c "5 D 

1. Fo find the ſolidity or content of the reQan- WM pl 

a aular parallelepipedon A; multiply the . 

Fig. 27. area of its baſe BCDE, by its height , ih. 
BF, becauſe if its baſe contains 4 feet 

ſquare, and its height two feet, it will contain two 

layers of 4 feet ſquare each. "> PM ct 

2 5 | or 

2. If the parallelepipedon B is not rectangulat, ſur 

| you muſt ſtill multiply its baſe by it ot 

Fig. 28. height GH, becauſe it is equal to Wl 

; | rectangular one of the ſame baſe and 

height. FEE a 

| > | | Me 

3. To find the content of a priſm, as A, mu cor 

tiply the area of its baſe by its height, latt 


Fig. 29. it being the half of the parallelepipe 
don ABEC, which is to be under 
ſtood of all kinds of priſms, as well as trianguW 
| 3 x ones 


an- 
the 
pht 
feet 
tw0 


lar, 
itz 
to 4 
and 


mul- 
1 ght, 
pipe: 
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ones, fince they all may be divided into triangu- 
Jar priims; and further, ſince cylinders are priſms 
of an infinite number of ſides, we alſo multiply 
me area of their baſes by their Gs to have 

their content, | | 


4. The area of the baſe of a py ada A, being 
multiplied by the 4 of its perpendicu- 
lar height AE, will give its content; Fig. 30. 
becauſe it is but the one third of a priim 
of the ſame baſe and height (by 7. 12.) The ſame 
is to be underſtood of 3, 20h which are ü 
of an infinite number of ſides. 


5. K globe may be conſidered as an infinite 
number of pyramids, whoſe vertexes meet in the 
center, and whoſe baſes form the circumference: 
the radius of the globe will be the common height 
of the pyramids ; conſequently therefore, multi- 
plying the ſurface of the globe by of its radius, 
will produce its content, that is, the Content of all 


" the pyramide compoſing it. 


6. In the ſame manner the ſeQtor of a globe is 
equal to a cone, having the radius of a ſector 
for its height, and its baſe equal to the convex |, 
lurface of the ſector. Thus may a ſector, or * : 
other part of a globe be eaſily meaſured. 


7. To meaſure the fruſtum of a cone, as CDFF, 
prolong its ſides C D, E F, till they 
meet in the point K; then meaſure the Fig. 31. 
cones CKE, DEF, and ſubtract thge 
latter from the former, the remainder will be the 
content of the fruſtum CDFE. 


To 
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To avoid a multiplicity of operations, the 8 


mon practice is, to multiply the baſe A, and the 
baſe B, by the half of their djſtance A, es 


this way is not altogether exact. 


In order alſo to find more readily the content of 
| the baſes by their diameters, we make 
Fig. 32. uſe of a rule AB, divided in the fol- 


lowing manner. Take AD equal to 


I foot 3 inches, and a little more than chree lines, 
(which is the meaſure of the diameter of a circle 


equal to a foot ſquare) and ſet AC equal to AD, 
perpendicular upon AB: it is then plain (by 
47. I.) that CDv will be the diameter of a baſe of 
2 feet; make then AE equal to CD, and AF 
equal to CE, and AG equal to CF, Ce, and 
ſo will you. obtain the b diviſions of your 
rule; and in the ſame manner alſo may you lay 
down the halfs, and quarters. Thus we meaſunt 


Veſſels, Maſts, Yards, Piles, Oc. 


8. Other irregular bodies are meaſured by d. 
viding them into priſms, and pyramids, and oſteb- 
times the ſhorteſt ways are preferred to the en- 
acteſt. Thus fome gauge a ſhip as if it were 
priſm, by multiplying the length of of its keel int 
a triangle, whoſe height is the depth of the ſſin 
and its baſe the mean width, or length of the mic 
hip r 
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PART IV. 


i . 
Some PROBLEMS. 


HIS part in the original contains five 
problems, the firſt and ſecond of which be- 
ing the conſtruction of the French ſector, and the 
proportional compaſſes, and the fourth the man- 
ner of inſeribing regular polygons in a circle; as 
I have more largely treated of the firſt in the ap- 
pendix to this work, and included the laſt in the 
extract I have added of the fourth Book of Euclid, 
omitted in the French ; I ſhall therefore here only 

di. add the two following Problems. 8 


en- | : | 

as 4 bp 
ek | 

100 To make plane figures equal to others given, 
10 


1. To make a parallelogram equal to a triangle 
ABC, let its baſe EB be equal to 
half the baſe of the triangle, and make Fig. 33. 
It between the parallels EB, CD, (by  - J 
{l. 1.) But if the parallelogram muſt have a de- 
ermin'd line L for its baſe, continue CD, till 
be equal to L, then drawing the line KB, till 
meet CE in the point F, and Lulhing the paral- 

| | lelogram 
R1 


lelogram CK FH, its complement BG HI i 


proportion; then draw lines from the point C. 


de the paralle logram required. ; 1 
5 FI — | 5 iVi 
2. If you divide the right-lined figure given into 
f AB CD E, into three triangles, zu ses 

Fig. 34. change thoſe triangles into three rec. re 

| angles having the ſame baſe FG, (by tler 

the preceding) placing them one upon another '#"" 
you will make a rectangle equal to the rectilinen als 

figure given. Fs e o 

; | | in t! 
3. If you ſeek a mean proportional betweel ne 
the baſe FG of the rectangle FGIH, and u te 
height GH, (by 13. 6.) the ſquare upon ſuch the 
mean proportional will be equal to the reCtangle cedi 
FGHI, and conſequently to the rectilineat fg te 
ABCDE. " athe 


_ PrRoBLEMIL. 
Of the dlviſun of right lined plane figures 


1. To divide a triangle into any number 
parts, either equal or unequal, in an 

Fig. 35. proportion given; divide its baſe A 
into ſuch number of parts, and in ſuc 


each diviſion : ſo ſhall the triangle be divided! 
the proportion required, (by 1. 3.) 


| 2. In the ſame manner to divide i 
Fig. 36. parallelogram ABCD, divide its pal 
lel fides AB, CD. The ſame is t 
Fig. 37. done with a trapezium, as ABCD, wit 
ſides oppoſite AB, CD, are parallel 
| ; Þ 


E 


z If the reQilinear figure ABC ED be to be 


Jivided in any given ratio; divide it 

into triangles, and make three rectan- Fig. 38. 
gles of the ſame height, equal to the 

three triangles, vz. LN, NO, OP, (by Prob. 1.) 
tien divide the line LP according to the given 
ratio in the point R, and ſuppoſing that point 
falls in the baſe LN of the parallelogram, equal 


tothe triangle CDE, divide DE in the point 8, 
in the ſame ratio as LN in the point R, and the 
line CS will divide the rectilinear figure in the 


ratio given, as the perpendicular R Q divides 


the rectangle MP in the ſaid ratio, (by the pre- 


ceding) fince the triangle CSE will be equal to 
the rectangle LMQR, both the 
other having the ſame ratio. 
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DEFINITIONS. 


$$ Y - Mechanicks, is here meant the 
i B | art of moving or —_— heavy 


l bodies with l 
coc 


2. We call RAI that inclination whereby 
"Il bodies by their weight deſcend, or * 


the center of the earth. 


3. By Motion we underſtand theſurceſlibe pro- 


xrellion of a body from one place to another, and 


of the quantity of ſuch motion we Judge, 1. By 


the magnitude of the body moved. 2. By the 


ine. 


4, 


4. Velocity n is n to, * 


way be expounded 9 the os + a _ moves 
through i in a N time. 


5. Power, is is that wh * gives the motion, 
Whether it be an animated WY as the hand of 
man, or inanimate, a6 I a clock. 

3 | PHYSICAL 
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PH VYSICAI. SUPPOSITIONS, 


7 ” 
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1. The reſiſtance found in moving a body pro. 
ceeds chiefly from two cauſes : 1. The body we 
would move has fometimes beforehand. a contrary 
motion to that we would give it, as when we 
would raiſe a weight which has a natural tendency 
to deſcend. 2. At other times, the body we would 
move cannot ſtir without the partition or diviſion 
of ſomething containing it, as when we would 
move a body in the water. | 


2, If two bodies at reſt are equal in all reſpects, 
an equal power is neceſſary to give them an equal 
velocity of motion, (by Def. 3.) But to make one 
body move with twice the velocity of another, a 
double power muſt be applied, (by Def. 3) thete- 
fore every thing elſe being equal, the power muſt 
be increaſed in the ſame ratio or proportion with 
the velocity, | 


3. A power can only communicate ſo much 
motion as is in itſelf, „ 


4. Gravity being nothing elſe but an inclins- 
tion or tendency towards the earth; that force in- 
creaſes always in a reciprocal proportion to the 
{quare of the diſtance from the center. 


F. A power cannot move a body, unleſs jt 
force be greater than the. feſiſtance, or contrary 
motion of the body; and as the reſiſtance of a 
body increaſes in proportion to the velocity of its 
motion, (by Def. 3.) it is evident the force ofthe 
power ought to increaſe in the ſame i 
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with the velocity of the body, all other circum- 
ſtances remaining equal. The following Axiom 
may therefore be looked upon-as infallible. uz 

A power is capable of moving a body, when the 
force of that power has a greater proportion to the 
contrary force of the body, than the velocity of the *_ i 
body to be moved has to the velocity of the pow= "ns 
er, and not otherwiſe. =» 1 1 

Upon this principle then, (which exactly agrees 6 
with Definition 3.) the whole doctrine of Mecha- 
nicks may be ſaid to depend, without ſearching — 
after any others, as many authors do to no purpoſe, - 1 ot 
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If the weights A and B are equal in all reſpects, 
and are hung on the two ends of a ba- N 
lance horizontally ſuſpended at the Zip. 1. 
point C, ſo that the parts CA, CB, 
are exactly equal, the weights will remain in 
equilibrium. e {Ie ERP 


Demonſt. The weight A cannot deſcend to 

the point D, without raiſing the weight B to the 

point G, which is impoſſible, (by Ax. preced.) 
ſince its force has no greater proportion to the 
contrary force of B, than the ſpace or velocity 2 
FG of B, has to the ſpace or velocity, ED of A. 


RRE M AR E. 


{t is true, that as the deſcent or aſcent of heavy 
bodics are meaſured by lines tending _ 
towards the center of the eatth, as CB, Fig ®» + 
FA, the weight B will deſcend more 
lan the weight A will riſe, For HG: GF:; 

al. . AD: 


1 AD: FA, and HG : GC: : : EB, or AD: 
| BC; then ſince GC is greater "than GF, BC 
- will be greater than FA. But as this diene 


Il will ceaſe upon placing the beam duly bori- 


"zontal ; ſo if the fide on which the weight A 
hangs be inclined, then will the weight A have 
the "advantage of the weight B, for the ſame 
reaſon. 


— 


2. it the weight A is double the weight B, 

and if reciprocally the diftance CB is 

Fig. 3. double the diſtance CA, the wen 
will be ſtill in equilibrium. - 

Demonſt. The force of the weight A will be 
to the force, of the weight B reciprocally, as the 
velocity or ſpace run thro' of the weight B, vi. 
DF, to the velocity or ſpace EG, run thro' by 
the weight A; therefore (by Ax) the weight A 
cannot raiſe the weight B, nor the weight the 
weight A. 

In this caſe it is alſo neceſſary, that the bean 
be perfectly horizontal, for the ſame N Pl 


before. 


3. It is eaſy to conclude, that if the velocity 
of the weight B increaſes in greater proportion 
than the ve 'ocity of the weight A, the weight 
will baatequently raiſe the weight A. 


COR OEL 


From what has been ſaid it may be concluded, 
that the whole art of Mechanicks conlifts | 
diminiſhing the velocity of the. weight to 
moved, at the fame time that we increaſe ! 


velocity of the power canling ſuch more 
+. ' 


—_ 


5 = 7 


This may be done many ways, of which theſe 
that follow are the chief, 


k = PRO r. I. 
we Bl 
* of the Lever: 


1. If the bar AB be ſo reſted on the pot © 
that the part BC be ſhorter than the 


N part AC, when the power A deſcends, Fig. 4+ 
oh the weight B will be raiſed ;. but the 


velocity of the power A will be greater than the 
relocity of the weight B, in the ſame proportion 
as CA is greater than CB; therefore the reſiſt- 
ance of the weight B will diminiſh in the ſame 
proportion with regard to the power A, (by Car. 
preced.) that is to ſay, its reſiſtance will become 
to what it was before, as CB to CA. 

We call the bar AB in this caſe, a Lever of 
the frf rind. 


2. If the bar AB be reſted upon the point A, 

and the weight be hung at C, its re- 

liſtance with regard to the power B, Fig, "2 
Fl diminiſh in the ſame proportion 

s CA is leſs than BA, becauſe its velocity 
Fill be diminiſhed in that proportion, For 
nce the arch of the aſcent of the power B will 
are AB for its radius, the arch of the aſcent of 
e weight C, will have for its radius CA. In 
is ſecond caſe, AB is called a Lever of the fe- 
nd kind, 

It will be eaſy to refer to theſe two kinds of 


vers, ſeveral ſorts of Inflraments,: as * 
fats, Sc. 


H 2 PRO 
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PROF. HE: 
of inclined Planes. 


If the weights A and D are ae to the 
„ chord AED, and the weight D de- 
Fig. 6. ſcends by the vertical line DE whilſt 
the weight A is raiſed up the incline 
8 AE, in a direction parallel to that plane the 
velocity or ſpace run thro* by the weight A, when 
come to E, ſhall be meaſured. by the ins ED, 
fince that is the true height it is ratſed; and the ve- 
- locity or ſpace run thro” by the weight D, ſhall be 
meaſured by the line AE; and conſequently the re. 
ſiſtance of the weight A will diminiſh with regard 
to the power D, in proportion as DE to EA; that 
is to ſay, that upon the inclined plane AE, the 
reſiſtance of the weight A, will be to its own ns. 
tural reſiſtance as ED to EA, ſuppoſing no impe: 
diment by friction. 
Wedges, and nails are to bereferred to incline 
— 7 


PA O r. IV. 
Of Pullies. 


1. The pullies A being fix'd, do not at all d 

| miniſh the reſiſtance "of the weight C 
Fg. 7,8. with reſpect to the power B, becault 
they make no alteration in their yel 
city. On the contrary, the friction of the chai 
paſſing thro” the pullies, increaſes the reſiſtance q 
the weight ; therefore ſuch fixed pullies are * 


. | 
uſed but for the more eaſy application of greater 


2. To leflen the friction of the chords, wheels 
de. © placed in the pullies; which the bigger they 
wh ate, the better, becauſe their circumferences have 
thereby the greater velocity with regard to the 
tion of the axis, beſides that they make fewer 
turns. | X ko. | 


hen | 

0 % 3. If the weight A be faſtened to the moveable - 
11 be block A, and -a rope being fix d to the 
be ref immoveable block B, paſs ſeveral times. Fig. 9. 
egard thro' both, it is evident that the power 

Ane C, being applied to the end of the rope, cannot 
; the deſcend without raiſing tne black. Az but to 


raiſe it the whole length of the line AB, the 
power muſt deſcend as many times the length of 
the ſame line, as there are returns of the rope from 

one block to the other. So that the velocity of 

the weight A, will be to the velocity of the power 
C, as one to the ſeveral turns of the rope; or as 
unity to twice the number of moveable pullies. 


4. It is eaſy to perceive how by this means the 
rliſtance of weights may be indefinitely diminiſh- | 


all d ed, viz, by multiplying the turns of the rope, or 
ight © increaſing the number of pullies, as in Fig. 9. 
becaul 


wherein the reſiſtance is 4 times leſs with regard 

ir vel to the power C, which has 4 times its velocity, 
but becomes 16 times leſs with regard to the 

power D, which has 16 times a greater velocity, 


wh H 3 © | 5. For 


: 1 
5. For the fame reaſons, the weight A will 
have its whole force upon the rope which ſuftaing 
the imoveable block B, becauſe it has the ſame 
velocity with the block B; for if the block B he 
let looſe, it will fall thro' juſt the ſame ſpace as | 
the weight itſelf would. But the weight A lays 
but 2 of its ſtreſs upon the rope which faſtens the 
end B to the block, becauſe if the ſaid end be 
unlooſed, it will have 4 times more velocity than 
the weight; ſo alſo the rope faſtening the end H 
to the block F, will bear but the g of the ſtreſt 
of the weight, becauſe that end will have 16 times 
the velocity of the weight. > 


„ EB VL. 3 
Of Capſtant, Wheels, &c. 


1. When the power C, at the end of the bat 
Ae, has turned the capſtan AB, the 
Fig. 10. rope DF will be alſo turned round tbe 

axle D, and will have ſo far adyanced 
the weight E; but at every turn of the capſian 
the power deſcribes the circumference of a circle, 
whoſe radius is AC, and the weight E is only fo 
far advanced as is one turn of the rope about the 
axle D; and conſequently. the velocity of the 
power will be to the velocity of the weight, as the 
radius CA to the radius of the axle D, and the 
force of the power C will be augmented with. fe- 
gard to the weight E, in the ſame proportion. 


85 2. It is eaſy to apply the ſame conf 
Fig. 11. deration to Wheels, to Cranes, c. But 
? note, the power of wheels may dr 
; | | nitely 


E 
nitely increafed by mixing pinions, or ſmall wheels, 
among the great ones. For example, if the radius 
of the axle bf the vertical wheel A, which has 

2 teeth horizontally placed, is but a fourth part 
of the radius EF of the handle D, and if the 
wheel C has but.6 teeth, which take the teeth of 


the wheel A, when the power D ſhak have made 


12 turns, the wheel A, and its axle, will have 
made but one, and the weight G will be raiſed 


but one turn of the cord about the axle HB; 


therefore the velocity of the power D will be to 
that of the weight C3, as 12 turns of the handle to 
one turn of the axle H, or as 12 to r, of as 48 
to 13 and conſequently the power D needs only be 
the g part of the weight G. 8 b 


3. A variety of machines may be made by the 


multiplication of wheels; but great care muſt be 
taken that the friction be as little as poſſible, 


PRO . VII. 
Of the Screw. 


If the powers D turn the ſcrews B, at each turn 
the weight A will be raiſed one notch, | 


and the power will deſcribe the circum- Fig. 12 | 


terence of a circle, whoſe radius will be 
BD); and conſequently the reſiſtance of the 


weight A, will be diminiſhed with regard to the 


power D, in proportion as the height of the notch 


I - oh circumference of the circle, whoſe radius, 
is BD. 5 
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P R O pi VIII. 
Of TLiguors. 


If the tube A is quadruple the tube B, wih 


which it has a communication by the 
Fig. 13. channel C, and any liquor be put into 

it, it will riſe to the ſame height in 
both tubes. 


Demonſtrat. If there be 4 pounds weight of 


liquor in the tube A, there will be 1 pound in 


the tube B, ſince both tubes will be equally 


filled,” But the 4 pounds in the tube A cannot 


fink 1 inch, for example, but the pound in the 


tube B muſt mount 4 inches: Therefore the ratio 


of the force A, to the force B, being reciprocal- 


ly as the ratio of the velocity of B, to the velocity 
of A, the weight A cannot at all raiſe the weight 
B, (by Axiom. | | 


2. If you put into the tube B, a different liquor 
ſrom that in the tube A, it will ſtill remain in equi» 


| Jibrio, ſince the liquor in the tube B will yep 
as much as that in the tube A, if it riſe in the tu 


B to the ſame height as in the tube. A: For ex- 


_ ample, if into the place of the pound of liquor in 
the tube B, a pound of other liquor be poured, it 


will make an equilibrium with the 4 pounds in the 
tube A, to whatſoever height it riſes in the tube B. 


COROLL 


1 c 15 1 


Cc 0 R 0 L 'S 1 5 
If the body A be put into 3 it will ſo far 

, fink as till it takes up a ſpace "OM to a mals of 
9 water of its own weight. | | 
50 Demonſtrat. The body A, with the water | 
in under it, forms a cylinder, making A” 1; 

; equilibrium with all the reſt of the wa- Pig. 14. 
er, as with another cylinder: There- 

no fore (by Cor. preced.) this cylinder compoſed of 
| A the body A, and the water under it, ought not 
v4 to weigh more than if it was all water, and' did: 
me. not riſe above the ſurface of the water ;. therefore- 
ui the body A weighs as much as the maſs of wa- 
_ ter, whoſe place it. occupies | under the. furkace: 
ot ot the water. 
* CO RO LL. II. a a 
=” In meaſuring the capacit of that part of a ſhip» 
gh yithin the 3 we find 4 Ev ys For if, "ar 
b ample, we find the part of a ſhip which is un-— 5 
or in Ie water to be equal to 1000 cubick feet, we 
1 it nclude, that the ſhip, with all its lading, &c.. 
1 . * in weight to 100 cubick feet of. 
e B. 4 : | 


* 


A ae 


dut an acute angle. W therefore the angle 
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PR O F. IX. 
07 5 ſuſpended B . | 


l LE NM A I. 


I from any e as G, of the line BG, the 
arch BD be deſcribed, and the Tight 

Fig. 15. lines BD, BA, be. drawn, and DF 
fall perpendicularly upon BA; laftly, 

if Al be parallel to BD, I ſay, 1. That when the 
point F is between the points A and, B, BD will 
have a * ratio to BF, than BA to Al. 


* . 
„ 


LDB equal to the angle ABLand the alternate in 
terior angles BAI, ABD, being equal, (by 15. 1. 
the triangles DBL, BAT, will be ſimitar 3 And 
conſe ently (by 4. 6.) BA : Al:: DB: BL; 
but BD is ſeſs with regard to BF, than to Bl, 
(by 8. 5.) therefore BD i is lefs wh e 055 

than BA to Al. 


2. If the point. B fall between the point F, au 
Fig. 16. the point A, BD will have a great 
8. ratio to BF, than BA to Al. 


Demonſt. The angle BDF being but the com 
plement of DBF, or ABL, will be leſs than ih 
angle ABl, which, with ABL, makes an obtul 
angle; for GBD is acute, (by 16. 3. ) therefore 


xeft will follow, as above. 
| L. E MM 


L 155 7 
LEMMA u. 


If inſtead of BD, another line be drawn, as 

BC, and from the point C, the arch 

ED be deſcribed, and AH drawn pa- Fig. 15. 
EE rallel to BC, 1 fay, 1. That when the 
„ the point F falls between the points A and B, EB 9 
nieht will have a leſs ratio to BF, than BA to AH. | 1 
DFE Drew the line EF. 1 
aftly,  Demonſt, Since the: alternate angles EBF, 
en the BAH, are equal, it only remains to prove; chat 5 
) wil ABH is leſs than BEF, (by preced.) which is 
1 evident: for if thro? the three points D, E, B, a 
circle be deſcribed, the point F will be found 
within it, ſince che angle BED is obtuſe, and 
BF D right; therefore the angle FEB being 
ſubtended by a greater arch than BDF, will be 
greater, (by 22. 3.) but the angle BDF is greater 
than ABH, becauſe it is the complement of the: 
angle ABD, which, with ABH, makes but an 
acute angle; therefore the angle BEF will be 
greater than ABH. | | | 


2. If the point B falls between the point A and 

the point F, BE will have a greater N 

ratio to BF, than BA to AH, becauſe Pig. 16. 

the angle BEP is leſs than BDF. | ” 
Demonſt. If a circle be deſcribed thro' the 

three points B, D, F, the point E will fall without 

the circle; becauſe the angle BFD is right, and 

the angle BED acute; therefore the angle BEF 

will 3 leſs than BDF, which being but the com- 
plement of DBF, will be leſs has ARE | 


. 
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e | 
If the weight B is ſuſpended by a cord, one 
end of which, as H, is fixed, and the 
Fig. 17. other end D, paſling thro” the pully K, 
AP _ ſuſtains the weight D; 1 fay, that 
when the weight B, ſhall be to the weight D, as 
the line of direction AB to AL, parallel to the 
line BN, that then the weights ſhall be in equi- 
librium. _ | | 
Demonſtrat. As the weight D cannot raiſe the 
weight B, to the point G, (by Ax.) becauſe its 
velocity BG, bears a leſs proportion to the velo- 
city BE, of the weight B, (by Lem, 1. & 2.) than 
the force of the weight B, to the force of the 
weight D, ſo neither can the weight B, deſcend 
to the point J, (by Ax.) becauſe the velocity BF, 
of the weight D, bears a greater proportion to the 
velocity BR, of the weight B, than the force of 
the weight B, has to the force of the weight D, 
(by Lem. 1. & 2) and conſequently they will re- 
main in equilibrium, (by Ax.) IE 
Tf the point H be not fix'd, but the cord paſ- 
ſing thro! the pully ſuſtains the weight C, it will 
ſtill be the ſame thing; for the weight C will 
only ſerve to ſhorten the cord HB; ſo that we 
may conclude, that if the three weights D, B, C, 
are in equilibrium, the weight B will be to the 
weight D, as BA to AL, and to the weight C, 
as BA to AN, which is ſuppoſed parallel to HL; 
and conſequently the weight D, will be to the 
weight C, as AL to AN, or as the fine of the 
angle ABL, to the ſine of the angle ABN. 


 # 
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d Of Acceleration. : 
pn oy 
K | 1 1 — * 
. Acceleration is the augmentation or increaſe of 
. motion, cauſed by a continual application of the 


power. 158 
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The ſum of the terms of an arithmetical progreſ- 
fon, beginning with o, is equal to half the fun» 
of an equal number of terms, each being equal to 
the laſt term of the progreſſion. | 1 

Demonſt. If you take two terms of the pro- 
erefion, of which the one A, is as far diſtant 
trom the laſt C, as the other B, from the firſt o, 
vill their ſum will be equal but to the laſt term C;. 
vill becauſe the term C exceeds the term A, juſt as 
be term B exceeds o: Thus taking all the terms 
2 of the progreſſions two and two, each ſum will be 
the M42! to the laſt term C; thereforce ſince the 
roumber of theſe ſums will be but half the num 
ber of the terms, conſequently the ſum of all the 
terms of the progreſſion will be but half the ſum 
f the ſame number of terms, each equal to the 
laſt term C. | | „ 


1. If the weight A, falling in a non- reſiſting 
nedium, runs thro' the ſpace AB, durin : 

he firſt minute of its fall; during the ſe- Fig. 18. 
ond, it will run thro* the ſpace BC, 


-0P; | 
och is triple the ſpace AB. 
| , Demonſf. 


8 
Demonſt. Experience teaches us, that gravity 
continually increaſes the motion of heavy bodies, 
in their deſcent towards the earth. Thus ima- 
gining the firſt minute divided into an infinite 
number of parts, we may Conceive the motion 
of the weight A equally augmented thro' each 
of thoſe parts; and that having had no motion 
in the beginning of the minute, during the ſecond 
part of the time; it will have run thro? one 
part of the ſpace AB; than 2 in the third, z in 
the fourth, Sc. We may further conceive, that 
throughout all the parts of the ſecond minute, it 
will have the ſame motion it had at the end of 
the firſt. ; and conſequently, if the weight A te- 
ceived no new-motien during the ſecond minute, 
it would run thro' a ſpace double the ſpace AB; 
then ſince it does acquire a new motion, equal 
to that it got during the firſt minute, it will run 
thro” a ſpace triple to the ſpace AB, 


2. In the ſame manner it may be proved, that 
during the third minute it will run thro” the ſpace 
CD, which is five times the ſpace AB; from 
whence. we conchude, that the ſpaces run thro' 
will be in a duplicate ratio to the times of the de⸗ 
ſcents, or as their ſquares, 52 


3. The impreſſion made by one body upon 
another, i is greater or leſs according to the motion; 
that is, (according to Def. 3.) with regard its 
to the bulk of the Rents or its velocity. 


* 


COROELL 


a : -- 


4 5 "IF COROLL, 'I.: 

wt If the weight A in its fall ſtrike a body at the 

5 point C, the impreſſion it will there 8 
* make upon ſuch body, will be quadru- Fig. 18. 

_ ple what it would have been at the ; 
wy point B, "Thus the impreſſions made by a body 

51 Hp, increaſe in a duplicate ratio of the times of 

z in deſcent, or as the ſpaces run e 

hat 

1 | COROELE NI 

Ag If in the room of a dead weight, we ſubſtitute 

ute, a living power, as a man's hand A, 


B: ſtriking a mallet againſt the wedge B. Fig. 19. 
qual the ſame reaſoning will hold good, that 


2 0 is, the impreſſion of the alete A on the wedge B, 
will be as the ſpace AB. 
that by COROLL. II. 
ſpace 
from It is not altogether the ſame liſa with reſpect 
thro! to ſprings, becauſe their farce decreaſes, in pro- 
* portion as they approach their natural 


ſituation. Thus the impreffion made Fiz. 20. 
by the ſtring of a bow upon an arrow 
B, will not increaſe as the ſpaces BB. 


ROE. N. 


Two bodies equal in every reſpec falling b 
the force of gravity from the ſame: height, ilk 
make the ſame impreſſion on the body they ftrike ; 
or if two unequal bodies fall from different 
heights, if thoſe heights are reciprocally as the 
| ſquares 


| [. 160 ] 


ſquares of the weights of the deſcending bodies 
their impreſſions will be likewiſe _ 


COROLL. V. 


Ode body ſimply laid upon 8 will make 
the ſame impreſſion on it, as would another body 
falling from above, provided the acquired velo- 
city of the one is to the ſimple motion of the 
other, reciprocally as the gravity of the firſt to 
the gravity of the ſecond. But as we know not 
the ſimple motion of heavy bodies, that is to ſay, 


the motion they would have if they were to de- 


ſcend without acceleration, we can determine no». 
thing upon that point, 


4. If a lever AC, without gravity, were ſo | 
faſtened at the point A, as that it might 


Fig. 21. turn upon it, and being ſo raiſed as to 


form any angle with the horizontal 


line AB; if then a weight had been placed upon a 


point D, the lever will fall towards the horizontal 
line AB, with leſs velocity, than if the ſame. 
weight had been applied at the point C, becauſe 
the lever in both caſes is ſuppoſed void. of 8 


COROLLARY. 
If the weight be. placed at the point D, it wil 


not fall with ſo much force as if it were placed at 


the point C; nor will. the impreſſion it makes 
upon the body upon which it falls be ſo great; 
and therefore it is, that the longer the handle of a. 

a is the greater js the force of the. blow. 
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P R O p. XI. 


70h Application of theſe Principles to ſome Problems 
4 uſeful at Sea, | 


I. WW, ith regard to Acceleration. 


Suppoſe! the anchor A fixed. in the bottom of 
the ſea 3 to the end of the buoy-rope 
AB, faſten a block B, thro* which Fig. 22, 
rieve a rope, faſten'd at one end to the ä 
ſtern of the boat CD, fo that the other: ed 
paſling thro? the blocks C and D, (fixed in the 
tn and ſtem of the bes may be brought 
aboard the ſhip, which is likewiſe ſuppoſed to 
have an anchor out a-ſtern: It will then be eaſy 
to imagine, that when that part of the rope on 
board, is haul'd with due force, the boat will be 
drawn towards the anchor 3 and as the force of 
hauling is continued, the motion of the boat will 
be augmented z when therefore the boat comes 
pique the anchor, not being able to approach it 
nearer, it will-draw the anchor with ſuch force 
as to raiſe it; and the cable being recovered, it 
may be brought aboard, 


co R OL L 4 R . 
By this means an anchor may be weigh'd, 
when by reaſon of the enemies fire, a boat cannot 
de mann'd out with ſafety to recover it; it being 


x the block, ane rieve as rope. 9 


2. Miu 


in this caſe ſufficient only to ſend out a driver ” 


Ly 3 
2. Wi th reſped? to fu eſpended Bodies. n = 


1. Suppoſe the, rope or tack AB, of which the 
end A, after paſſing round a block A, 

Fig. 23, is extended to the power F, which 
- holds it, and the other end, B, Paſſing 
likewiſe thro' the block B, is faſtened to the clue 
of the fail E: Laying then hold of the rope at 
the point C, it may be eaſily drawn towards D, 
till the reſiſtance of the ſail is to the force of the 
power D, as the fine of the angle CAD to the 
tine of the angle CDA, (by Prop. 9.) without 
obliging the power F to give way, ſince the block 
A, againſt which the rope AB bears hard, being 
| immoveable, will not let it run. When wen 
the power D returns to the point C, the power F 
will recover part of the rope ADB, eſpecially 
if the power D oppoſes itſelf to the power E, in 
drawing the rope towards A. Thus after ſevera 
attempts the tack may be belayed as it ought, 


2, Suppoſe the cable AB, one ad of which i 
fixed in the veſſel A, and the. other 

Ae, 24. faſtened to the anchor B; ſuppoſe ano- 
ther ſhorter cable BD: It is evident, 

that theſe two cables being ſuſpended between the 
two points to which they are fixed, the cable Ab 
will bear hardeſt upon both points, and alſo witl 
reſpect to itſelf, as being heavieſt: Notwith. 
ſtanding which, the anchor B will train leſs upo 
the cable AB, than upon the cable BD; and i 
cable AB will be leſs ſubjeQ to break, or pan 
as the ſcamen phraſe it; 1. Becauſe the cable A 
being longer, will form a more concave figure, 0 


*. 9: .) great py thereof will reſt upon til 
 grount 


the 
tA, 
hich 
fling 


clue 


B 
round near the anchor; upon which thereſore it 
will have leſs ſtrain, and particularly will not 
raiſe up its ring, as the cable BD, which renders 
it more liable to break its hold. 2. Becauſe 
when the ſwell of the ſea raiſes the ſhip's head, 
as from the point A to the point C, or from the 
point D to the point E, its effect is plainly greater 


upon the cable BD, than upon the cable BA. 


)e at ; 
: 4 3. With reſpect to Lighters. 
o the 1. If an unladen ſhip A, be aground ina haven, 
thout WI ſhe may eaſily be floated, by placing on 
block WW ech ſide a lighter or barge ſo loaden Fig. 25. 
being WF that their gunnels be brought down al- 
refore WW moſt to the ſurface of the water, then fixing 
wer FW beams in the ports of the ſhip, let them reſt upon 
ecial Wl the ſides of the lighters, extending quite over on 
E, in | both ſides, then lightening the lighters, as they 
ſeveru riſe, they will lift up the ſhip. e 
5 2. The ſame thing may be done with large 
hich io veſſels fill'd with water, which being faſtened to 
e other the ſides of the ſhip, the water being pump'd out 
fe ano will in like manner raiſe the ſhip, as the veſfels 
evident begin to float upon the water. © | 
veen the To | | 
pet 4 4. With reſpe& to Cranes and Pullies. 
alſo wi | | | 
Jotwith e The ufe of Cranes and pullies is ſo common, 
eſs upon bat I ſhall not need dwell much upon it; I 
and th [hall therefore juſt obſerve, that what obſtrudts 
or patW''e force of capſtans when the ſhip or boat is 
able AB drought a-pique the. anchor, not only proceeds 
zure, (tom the reſiſtance of the anchor itſelf before it 
upon whit its hold, but alſo from the rubbing of the 


groul 


cable 


5 1 
cable in the hawſe. When therefore the anchor's 
hold ſeems too great for the power of the capſtan, 

fix a rope (or meſſenger, as the ſeamen 
Fig. 26. term it) upon ſome part of the cable, 
| as B, and after having brought a large 
tackle upon it, bring the fall of the tackle to the 
capſtan, which then will raiſe the anchor without 
difficulty, not only as the tackle will have a better 
| purchaſe, and will | conſequently. augment the 
force, but becauſe the rubbing of the cable in the 
hawſe will likewiſe .be thereby prevented. 


R E M A R E. 


Sometimes an anchor is ſo fixed or buried in 
the ground, that nothing is able to raiſe it. In 
ſuch caſe, if the tides are conſiderable, they let 
the ſhip ride with her cable as much as poſſible 
a- pique during the ebb, and then as the ſhip riſes 
with the flood, either the anchor is raiſed, or the 
cable breaks, | „ 


5. With reſbeft to Levers. 


To raiſe a yard or maſt, as AB, to place itin 
| a ſhip, it is moſt convenient to faſten 
_ Fig. 27. the purchaſe at the end A; for if it be 
ſeiz'd by the middle C, the reſiſtance 
will be found twice as great, {by Prop. 2.) and if 
it be ſeized about the end B, which is {till farther 
diſtant from the place it is to be drawn to, a fil 
greater force muſt be applied. e 


FO RTI 
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, FOR TIFICATIONS. 
the Oe; ys 
out 
er a ; 
the 
way O fortify a „ lice” is to put it into a 
he * . condition of being defended by a few _ 
SE men againſt the attack of a much 
X NM greater number. As the ſeveral rules 
laid down in this Tract are all conformable 
4; | with this definition, ſo the following Axioms: 1 
in may be look'd nth as ede conſequences | 
y 1 thereof. 
flible l 
F a : 1. The nn 80 a place ought to be a as 9 
little extended as poſſible. 1 
2. They ought to be as uniform as poſlible, 
it in 55 | 


falten WF 3. They ought to be ſs contrived as àt once to 
it be Wl cover the deſendants, and diſcover the approaches 


© WW of the enemy, and adapted to the common wea- 
and if pons of defence. 


a fil 4. They ought, as: nn as 8 to be fuch ; 


as are eaſy to build, hard to deſtroy, * not diffi- 
cult to be repaired, 


i 


166 1 


5 Each part ſhould be defended by as many 
places as may be, and liable to be attacked from 
as few gone 4s poſſible. 


DEFINITIONS. 


1. The Rampart is a bank of earth 


Fig. 1. encompaſſing the place WII the 
walls, as EBE, | 


4. Baſtion is an Wand part of the ram- | 
part, in form of a Pentagon, as B. ' 


3. The Curtain is that part of the rampart 
jying between two baſtions, as E. 


4 The Moat is a large ditch encompaſſing hs 
place without the walls, uſually fill'd with water, 


as HF, . 


be The Crorr?d IVay, FFF, is a paſſage along 
the border of the ditch oppoſite to the place, and 
is covered with a back of earth falling flopeways 
towards the country, till it comes to the level of 
the ground. This ſlope is call'd the yn as 
G, G, G. 


6. The Profile of a F ortification 3 is the foltion 
made by a plane cutting it from the middle A, | 
to the extremity of the glacis K. There are | 
commonly two made, one paſting thro? the mid- | 
dle of the curtain, the other thro' the n 0 
the baſtion. 1 IV 


7. In 
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the middle of the curtain, there are 
to be conſidered, I. The Place of arms 
M, which is a ſtreet er void ſpace be- 


CD. 4. The Banguet or little bank D. 
6. The Sone face or front of the wall V. 
VR. 8. The Moat or ditch RL. 


Iz. The Glacis of the counterſcarp M. 


are called lines of defence; and the 


angle g H g, which they form, is called Fig. 1. 


the flanking angle. The planes E g of 


the baſtion are called its faces ; the planes a g its 
fanzs ; and the planes a B its demigorges. The 
angle of the faces gF g is the flanked. angle; the 


7. In the Profile AR, ſuppoſed to paſs thro? 
Pig. 2. 


tween the houſes and the rampart. 2. The Talus 
or Slope of the rampart BC. 3. The Rampart 
or lie bank P. f. The 
upper ſurface, of which E is call'd the Tara 
7. the. 
Scarpe, or ſteep bank of the ditch next the town 
Channel of the moat T'.- 10. The Counterſcarp, 
or that bank of the ditch oppoſite to the place L. 
11. The Covered Way L. 12. The Paliſade N. 


8. The lines Fg being prolonged to the curtain, 


angle ga a, is the angle of the flank ; the angle 


ag F, the angle of the epaul or ſhoulder ; the 
angle a B a, the angle of the gorge; the angle 


DAB, the angle of the center, 


S EF mo 


The manner of laying down upon paper the Plan 


of a regular Fortification. 


Regular Fortifications are ſuch- as are made 


y. Meaſure 


on a regular Polygon, 


quotient will give the number of baſtions, in ſuc 


ſure, which lines are called Principals. Aſter 


|| This method ſeems preferable to all others, 2 
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1. Meaſure exactly the circuit of the place 
be fortified, at about 12 paces diſtant from th 
houſes, and divide the whole circuit by 1 50 geo 
metrical paces at leaſt, or by 180 at moſt, and th 


manner that their lines of defence ſhall not excee( 
the carriage of a muſquet, 


2. Inſcribe in acircle, a polygon with as man 
 fides as the place is to have baſtions 
Fig. 3. and from the center A, thro' the ang 
B of the polygon, draw lines at plea 


wards take B c equal to g of the fide of the'polyi 
gon, and BD equal to 4, then draw the lines 0 
defence D c, and from each point c, raiſe perpen 
diculars, which meeting the lines of defence in thi 
points E, will form the baſtions c EDE ce. 


it is the moſt ſimple, and makes the baſtions wel 


too acute, or too obtuſe, and gives the flanka 
the extent it is capable of. 52 


3. Having thus deſcribed the outward cireu 
of the rampart, draw from the angles of the ſhoul 
der E the lines EM, parallel to the faces DE 
which will meet each other in the principal line 
a he points M, and before the curtains in ti 
points G, and ſo will determine the outward cit 
cuit of the moat M, M, M, which ought todi 
rounded before the angles D, by an arch deſcribe 
from the point D, having for its radius the per 


47 


2 | . Fl 5 | 
E M 


e . To finiſh whe alt, draw witkin the place, 

1 th ae parallel to thoſe which form the outward | 
geoWircuit of the rampart : 1. At the diſtance of g of 

d th the flank, for the parapets, 2. At the diſtance 
luc; © the demigorge, for the ramparts 3. At the- 
xceeMiitance of 5 paces from the rampart, for the place 
of arms. 4. At the diſtance of 16 foot within the 
ampart, for its talus or ſlope. 5. At the diſtance 
o 5 foot, from the parapet, for the banquet. In 
he ame manner, on the outſide of the moat, muſt 

te drawn lines parallel to its outward circuit: 
At the diſtance of ꝓ of the flank; for the cover d 
my. 2. At the diſtance of 3 of the flank," for 15 
he glacis. 
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c. It will be eaſy to 1 dees we bros; and 

p aſſign the ſeveral heights ; For ſup- 

pling AR to repreſent the level of the Fig. 2. 
ane ; take AB, 5 paces, for the place of 58 
ms BA, and the perpendicular OC, 16 foot, for 
e talus or ſlope BC; the thickneſs of the lower 

art of the rampart BR, 12 paces, the upper part 

D to the banquet, 6 paces 333 the , | 
thickneſs of the lower part of the 1 — : 
paces + ; the upper part 2 paces 43 its M . = 
tient ED 6 foot; its outward height EV, 5 =» 
ot; the talus of the rampart GR to the moat, 
ot; and the talus of the ſcarp x y, 2'paces 3 t . 
kth of the moat x R, let be 16 foot; the width 
fits channel T, 15 foot 3 the talus of the couris \ 
Ws * K, 10 oer; 3 cs of the cover d 

; 5 foot. 


. * - — — A þ : > 4 2 
1 l g 


1 170. 
REMARK 8. 


Formerly it was an uſual practice to raiſe at the p 
foot of the ſcarp a bank of 30 or 40 foot broad, Mi; 
ſhelter'd with a parapet of 15 foot thick, and 6 foot 
high, which was call'd the fauſſe-braze; but as ſuch 
place is too much expoſed to be of any great 
ſervice, it is not not now uſed. 5 'P 


3 — 8 | IT. ; DV i 

As the flanks are the grand defence of fortih- 
cations, they are ſometimes cover'd with an oreillian 
or an epaulement, after different manners. 


I. Divide the flank BA equally in the point E, 
and raiſe the perpendicular ED + of the 

Fig. 4. flank ;then draw DCparallel to the flank, 
+, till it meet the face prolong'd in the 
your C, ſo ſhall you have the epaulement BCDE., 
t.if you would have an oreillion, from the point Wi: 

F, where the line ED meets with the face, with 
the diſtance FC, deſcribe the arch DC; and from 
the middle of that arch G, with the diſtance G, 
deſcribe. an arch which will form the oreillion 


2. Mr. Vautat's flanks may likewiſe be very 


| 8 imitated, thus: Take BC of Wi: 

Fig. 5. the flank, and from the point C draw ic 
YEP FC equal to BC, in ſuch manner that Win 
being prolong'd it will meet the flank'd angle of Wi 
the next baſtion: Farther from the point E, Wk 


where the face prolonged meets with it, with the 
diſtance EF deſcribe an arch FG, the m—_ y | 


E 1 05 
mich n will give you the center of the arch BC. 
F 


Laſtly 
CA, 2” hs the (diſtance DF, deſcribe the arch 


FK, which will meet the 5. of defence in the 


the joint K, and draw KA, e "war finiſh the 
ad, bank ARS Wee | 


oot * 
oe <> (hott : 
eat BY | ſay nothing of Caſemotes, which are now HE 
manner dut oſ ufs. 2 | 
4 ebe Prop. II. 


To lay down Outwork; upon paper, 


Under the name of Oztworks is here compre- 


t E, ended every kind of work detached or ſeparated 
the tom the rampart of the place, opts oh. N | 
ink, Wiwards the ane F 

the 4 qr Sur” 19 5: 


. To Paiſe a ir hee: * ei F rom 


DE. 

oint de middle of the curtain A, draw an | 

with WW ndeter minate perpendicular, upon which He. 6. | 

rom n off AE equal to the curtain, ang | 

3C, Wim the point E draw lines to the angles of the 

lion Wioulder, ' which cutting the outward bank of the 
hoat in the points C, will give the outward circuit 

df the ravelin ECBCE. As to the thickneſs of 

very Ws parapet, its cover'd way, and its glacis, they take 

+ of W'icic proportions from thoſe of the place itſelf ; but 

Jraw e width and depth of the ditch Are but of half the 
that Wſinenſions: allow'd to the grand moat of the place; 

le * ich obſervation wa 2 Wo 1 reed to all 

| 


nts of outworks. ge 5 


' 
" 4 
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© | | 5 a 
12 - 3 5 22 


om the point D, the middle of the hne 
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DCECD.. Fi 1 
Ont 1 you like it better, taking CEiz.of C q | 
and 


Fu. 10. the lines of defence CH in the poinf 


| Sea ars BG equal. to half the curtain, the lines AG 


- | | [. 172 I 8 


2. e RX an bal, If-mgmn beſary the lanlldang 
Take upon the principal dine ſrom tui 
Fig 7. point o, where.at: cuts th out; fudevof thi 

pie” If moat, o B, equal to. 4 of the face; the 
having drawn, from the point B, lines.toitheflank® 
ing angle G, produce the faces F A, till they cut th : 
bank of the moat in the points D, and the lin 
BG in the point E, and you will: have the.exteric 2 
Circuit of the half- moon o D EB ED. 
©. For Horn-warks ; From the middle of th . 

curtain A, draw the perpendicular Al 
Fig. 8. equal. to che. ſide of. the polygen NN 
95 10. and from the angles of the flank GE 
e parallels, and equal to th 

line AB, they will. cut the outward bank of th 
moat in the points Dig then take: B 

Fas 8,9. equal to + of the curtain, and dra 
EE, which will finiſh the horn-worf 


F + of CC, draw the perpendiculars EH 
upon the line FF, and they willed 


Q, and ſo will give the circuit of . 
harm work DF COHHOCEFD. | | 


'Or laſtly, from the point B, drawing the perpe pen 


will cut the outward. bank of the moat of the: hal 
moon in the points D; then having taken BO, an 
BE, 2 2 of CC, and having drawn the lines CE,frol 
the middle of them G, draw GO, and you will ha 
. os wage circuitof aſ * tail CDGOGDX 0. 

| | 4. LW 
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Pt "For "G WOT 01m HRT ; Fd me- n "NY . | 
the $6ty 3868 A, upon the principal line ind 
take AB, equal to 3 the fide? of the po- Hg. 3 
lygon; then making BC on 50 — : 
"AY and pidet to the fides öf the pblyFo 
dia from tlie anigles of the flank E the lines 17 
Which will cat the outward bank of the moat” in 
e points D. Fatther, make two demi- baſtions 
pon the lines, on each ſide one, after the manner 
laid down in the ſetond marmer -of 3 
a 3 2 Ee bor will Has 


4 Tue Ade a a to cle in Urawving 
B "froth Ane middte 9 uftaiti, 


nd making the Angle IO 0 "Hed, 
0 W . bby "hy heron 


N o. fl. | 
= The Deneyfraien of the foregot ors f Rule. Fa 


LT dalam ts . 
applied to ſeberal polygons, and it will appear 
hat they will always produee Fortificatidns con- 
formable to the axioms at firſt aid down, moe 


eſpecially the Way he A will We be 
1 eon 
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de lines of defence AB are two | 


— the wre 3 with-ſafery 


* * * 
* - » 
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1 11 J 
have time to- ſhelter | ' themſelves, Now, by the 
foregoing rules, the greateſt length of the ſaid lines 
of defence is but 180 faces. # pF f | j { 
. When the flanked 2855 ABC i is too acute, 
the enemy's cannon will eafily make a 
Fig. 14. breach; for the point D being onl 
3 ſuſtain'd by. the ſmall thickneſs D] 
the ball will quickly | ſhake, it; whereas in a 
baſtion leſs acute, as ABF, the point D is ſuſtain d 
with the whole thickneſs. DG.. Our method 
| therefore gives the flank'd angle as little acute 9s 
pofiible, nay, very often obtuſ s.. 


3. It is true, the flank'd als ought not tobs 
| ſo obtuſe as to make the baſtion too 
Fig. 15, ſtraight, as ABC; but in other reſpedts 

they are the more ſubſtantial, and bet- 

5 Po. provided the ſaid inconvenience be avoided, 

- 1 have done in fixing the length of the * 
tal B 15 


1. The n main u ee in the ks they 
ougnt not to be too ſhort; one method mskes (hem 
onger than commonly they are laid don, except 
in the ſquare, where large flanks would reader oy 
flank'd 75 too acute. 


18 F 
* 1215 
| HF o_ % 


5. It is . our 9 ene eech flanks 

AB, ſo much. recommended by ſome 

Fr. 16. Dutch Engineers, that the face off the 

baſtion CD may not only be defended 

by the fire from the flank BC, but like wiſe from 

the ſecond flank AB. Nevertheleſs, it l, 
to me, that the defence from the ſecond 


5 nene the guns muſt be pointed W 0 over a 
very 


Dy =O OMWmw 5, . 1m -. 
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„„ 
very thick parapet, cannot be very confiltirible x : 
and I ſhould rather chuſe to enlarge the flank 


BC, by the length CE, than to have recourſe bs 
a ſecond flank AB. 


Prot. IV. 
$, ome he Methods. 


1. 
Some Engineers (as De Vi le) divide the ide 


* 


AA of the polygon into 6 equal parts, 
and make the demigorge AB one of Fig. 17. 


thoſe parts, as alſo the flank BC; then 
for places which have leſs then 6 baſtions, they 
draw the line of defence DCE, which | 

gives the "flanked angle CDC. For Fig. 18. 
other places they deſcribe the ſemicircle 

upon the line CC, which cutting the principal 
in the point D, gives the flank d angle CDC. 
This method, in my opinion, makes the baſtion 
too ſmall, nor can I ſee why they ſhould: prefer . 
right angles to obtuſe ones, unleſs it be for the 


| ſake of a ſecond flank, which I have en ob- 


ſerved to be of little de W $4 


8 TEE 
Others (as Pagan) begin with the exterior 
fide of the polygon AA, which they _ | + 


divide equally in the point B; then Fig. 19. 
they draw the perpendicular BC, which 

they extend to 30 fathoms, and aſter baving. 
drawn the indeterminate lines ACE, they ſet'o 
AD 3o fathoms, and from the point D, they 
draw the flanks DE perpendicular upon the lines : 


of eee EA; and "ih they” draw the cur- 


4 tain 


tain EE. They think, that the flanks being per- 
pendicular upon the lines of defence, they are moſt 
adyantageouſly placed, their fire being thereby 
render'd more large, and more direct: Neverthe- 
leſs, I cannot prefer theſe ſort of flanks to thoſe 

commonly uſed, becauſe they re more expoſed to 
the enemies batteries, without any poſſibility of 
ſhelter. D 


— 


5 II. 
There are ſome Engineers who give g of the 
kde of the polygon to the demigorge; but by this 


means the flank, and conſegquently the defence, 


- becomes much leſſen d: However I do not. reject 
this manner in polygons above the decagon. 


IV. 4 
Others, to make amends for what is wantin 

nin flank by the foregoing mas 

Fig. 20. make a flank in the middle of the face, 

and ſometimes two; but the face is 
Fig. 21. thereby rendered much the weaker. 

There are alſo ſome who would have the 

| baſtions detached from the place, and 

Fig. 22. ſeparated by a ditch, the more eaſily to 

obſtruct the progreſs of the enemy after 

he has taken the baſtion. _ 1 Y 


VI. 
Others are for making the baſtions of the place 
! extreamly ſmall, and then ſurrounding 
Fiz. 23. them with other detach'd baſtions, which 
© ought nevertheleſs to be commanded by 
7 the firſt. | * 5 . 
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4 compute coleulete Fartieations, A 1 


It is of, great importance, after having > traced 


out Fortifications upon paper, to bring them to a 
computation, that is, to find the length | the 


lines and the value of all the —_— * 1 | 
afford much help to. the laying them. aa | 


wards upon the ns : 


3 


1. For the greater 2 we begin by mul- 15 


tiplying the ſide DD of the polygon, by 


100; then cutting off the two laſt 5 Fig. 24. 


gures of every number found, the two 


figures ſo cut off, with the denominator 100, will 
form a fraction. | 


2. In the triangle AD) the ang le A — be 


known, by dividing 3 bo by the 8 of ſides 
in the poly n; then "viding tire ſupplement of 
the angle A into two equal parts, you will find 
the 600 angles D, which are equal; A 
ſay, (by Trig. 130 As the ſine of the angle A: 
to the de DD : : ſo is the line of the . D: 


to the ſide AD. 


In the trie DEB, the angle D Seite 5M 


known, (by the preceding as alſo the ſide BE, 
which is 4 of the fide DD, (by conſtruct.) and 


the ſide DB, which is 4 of it, the whole triangle 
DEB may be reſolved, (by Trig. 13.) by which 
means will be found both the angle B, which is 
z the flanked angle, and the line of defence BE, 2 


allo the angle E, F 
"nn „„ + In 


* 
1 


4 78 /} 


4. In the wands ECE, tectangular at the 
int E of the line CE, (by conſtruct.) the fide 
EE being known to be Jof DD, and the angle 
E to be right; you may reſolve the triangle ECE 
(by Trig. 12.) by which you will know the flank 
CE, and the line CE oppoſite to the right angle, 
which being ſubtracted from the line BE, will 


give the face BC: You- will likewiſe b tr ſame 


means know the angle of the ſhoulder CB. 


5. The foregoing rules may alſo be eaſily ap- 
plied to outworks. The following calculation is an 


example of an heptagon, whoſe ſide is e 


equal to 170 fathoms. | 


F 


The computation of an Heptagon. AR 


Lines, Fratboms - Angles, Deg. Min 
| TM |] Angle of the 
Inward fide — 170 Center c 31 25 


Radius — — 196 Angle of the 0 
Demigorge — 34 | Polygon, or $14 34 

Capita! — 57 | of the gorge) 
Curtain — — 102 | The flanked 

Line of defence — 168 an ole A 93 36 


Flank — — 32 The flankin 5 
Face — — 51 angle 5! 145 2 
Outward fide — 218 The * * 25 

£3 5095 1 
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ſhall be hereaſter laid down, 


E199 +7. 


To trace out irregular Fortifications upon paper. 


 Trregular Fortifications are ſuch as are raiſed 
about irregular polygons ; But in theſe irregular 
works, we muſt follow, as much as poſſible, the 
proportions laid down for the regular ones. 


SECT. . 
Of irregular Baſtion. ; 


7. As Baſtions ought to be ſo built that their 
cannon may ſweep the ſurface of the circumjacent 


campaign, if they are found too high for that 


purpoſe, let a ſecond baſtion be added 


beneath the firſt, or even a third, if it Fig. 25. 


is neceſſary, {till taking care that their 

faces be well defended. But if a baſtion is too low, 
raiſe a cavalier upon it, A cavalier is a maſs of 
carth, well beat, of about 26 fathoms radius, whoſe 
center is commonly placed in that point of the baſli- 
on where the defences meet; it is commonly made 
two fathoms high, and with a talus of 7 foot; it 


ought allo to have a parapet of 3 paces broad, and 


6 foot. high; it way be made of any figure, but 
moſt commonly is ormed. as the baſtion. . 


It will ſometimes happen, that the faces of a | 


baſtion would become exceſſive long. if 
they were to be extended till they meet; Fig. 26. 


in ſuch caſe, they are uſually cloſed with .,. 
a returning angle, the manner of fortifying which 
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Nig. 31. GFE D; to which may be added 


Htg. 32. EGGE, in order to raiſe a work of 


7 


1 


3. If one ſide of the polygon, as AB, | 


Fig. 27. is too long, it may be remedied ſeveral | 


ways: I. If it be long enough to admit 
Fig. 28. a baſtion in the middle, let one be 
| raiſed, as C. 2. If it is not long enough 


to admit ſuch baſtion, it will be proper to form a 


fſalliant angle, as AC B, 3. Or the 
Fig. 29. baſtions on each ſide may be advanced 
nearer each other, and both intirely 


| form'd upon the line AB. 
„ ͤ 0 
of returning Angles. a 


They ought to be avoided as much as poſſible; Y © 


but if the ground obliges you to have recourſe to k 
them, they may be fortified after one or other of 
the following methods: 


1. Suppoſe the returning angle DCD, which 4 
is not obtuſe ; take CE and CE, each 
Fig. 30. of 8 or 10 paces, and having drawn 
the perpendiculars EF of the fame length 
with the lines FG, you will have the exterior cir- 
cuit of the tenail work DEF GC 

an oreillion. 
2. Inſtead of the faces GC, may be 
Fig. 31. drawn GG: Or, from the point C, 
with the diſtance CE, defcribe the arch 


ſtrength. | 
N 0 3. if 


9 


| alſo added oreillions or epaulements upon the 


*% 


L 187 3 8 


3. If the angle DCD is obtuſe, take CG of 
25 fathoms, and of the ſame length - 


' Ld 


draw the perpendiculars CH; ſo ſhall Fig. 33. f 


the line HH finiſh the outward circuit 
of the platform DGHHGD. There may be 


* 


flanks GH. | 
© oF; 8 
Of Redans. 


Y 


- 


When a long extended fide of a place cannot 
admit of baſtions, by reaſon it is cut off by a river, 
or ſtands upon a ſteep aſcent, it may be fortified 
with Redans. Suppoſe, for example, 


the ſide of a place AB; divide it into Hg. 34. 


parts of 40 paces or fathoms each in the 
points C; then draw the 
4 or 5 paces, and the oblique lines CD will fin 


the exterior circuit of the redans ADCDCDB, 


to which may likewiſe be added orcillionss - : 


SECT. Iv. 
Of Trianghs. 


There is ſeldom any occaſion of forti- 


fying triangles ; however, the beſt way Fig. 35. = 


of doing it, is with baſtions, with return- 
ing angles. e 
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of Citadels: 


1. The Fortifications of Citadels's are af leſs ex- 
tent than thoſe of the towns themſelves, the ſide 
of their polygon ſeldom ee 80 geometrical 


bl 


paces. E 


2. They ought intirely 1 to ii the places 
mY are intended to defend; ſo that the place 
f 


itſe ſhould lie 5 251 on the ide next the 
n i 
8 E C Ti vt. 
Of Sconces, 0 


Sconces are little forts, which ſerve to defend 
camps, the lines in a ſiege, batteries, bridges, &c, 


1. Redoubts are ſquare works, one angle of 
which points towards the enemy; they ought to 
be about 40 paces in circumference ; their rampart 
16 foot thick at the bottom; their talus and their 
height 5 foot; ay parapet 5 foot high, and 
8 thick ; the whole ought to be compos'd of 
earth well rammed, and faſcines ; 3 their ditch ſhould 
be 18 foot wide, and 6 deep. 


2. Star Pots ars thus imd ; ſuppoſe the 

| radius of the polygon AA to be 110 or 
Fig. 36. 115 paces, divide each fide by the 
perpendiculars BC, then making BD 

one wird of BC, draw the lines AD, and he 
wi 
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* 1 


will have the exterior circuit of the little fort 
BAD, for the reſt 'is ou the ſane as in re- 
doubts. 5 f 


' l * — 
* | 


s ak abt 


1. "Ad to 1 fortified ae who antient man- 
ner, all that can be done, is to add ſome out-works, 
as ravelins and horn-works, en We towers and 
the ne F-45151 553 e 


2. Caſtles are e encompailed with a mag 5 a 
fauſbras of earth well beat, with a kind of baſtions, 
whoſe magnitude muſt be nee erte that 958 
the Kaltle. oy a: ic 


3. Camps 3 are e alſo fortified wich ditches, the 
earth thrown out of which ſerving to make a 
kind of rampart, with a patapet circumſcribing 
the camp, and caſt up in ſuch a figure as may beſt 


of defend the ſeveral parts of the rampart ; redoubts, 
0 and mne Se. are alſo n added. 

rt | 

ir E a | Bridges an are fortified with fle and 
id crown- works, extending from. each fide to the 
of river. In one word, all other poſts which are to 


1d be fortified with expedition, muſt be ſecured with 
ſuch kind of works; care being n taken * 
every ſide be well defended. 


'V at * 


P Ro. ith - 
of Marine F. rtifications, 


Though Marine Fortifications have nothing 


peculiar in them, yet it may not be improper to 


give the following 2 with relation to 
batteries. in 59 710% avg of 4 


Pa raiſing batteries to hinder + a belbens, wie 
"ſhould be taken to diſpoſe them in ſuch places 
where the deſcent is riot Eaſy, as in places where 
the fea has a clear bottom, the road large and 
'fafe, and the ſhore not ſteep, the guns upon theſe 
batteries ſhould be ſo levell'd, as to ſcour the ſur- 
face of the water, and brought as near as poſſible 
to the edge of the ſhote; chat they may fire 
effectualy upon the ſmall boats as they approaeh; 
yet ought the battery to be ſo elevated, as to dil 
cover'the uy at nme | 


It is likewiſe convenient to have batteries. to 
play upon ſuch places where there is good an- 


chorage, and theſe batteries ſhould be fomewhat 
more elevated, becauſe a cannon, which commands 


the deck of a veſſel, is more terrible to the crew; 
and beſides a bullet which enters a ſhip from 
above downwards, puts her into On dan- 
ger of fnking | 


; 2h 
It is alſo neceſſary to erect batteries at the 


' entrance of roads; but they muſt be ſo ney 
as 
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as to diſcover ſhips at a great diſtance ; ſome of 
their guns ought to be very much elevated ; but 
at the ſame time they ſhould have others raiſed 
only 12 or 15 foot above the level of the ground 
to fire — {bi ps as ey W wage 3 


33 


8 IV. 


Iti is of the utmoſt! importance to plant. batibries 
which may content the anchorage of roads and 


ports, to the end that the enemies ſhips, after hay- 
ing paſs'd the fire of the entry, may not remain in 


ſafety. Upon extraordinary occaſions,” they ſome- 
time, ſink*ſhips in the middle of roads, and raiſe ſe- 
veral batteries at proper diſtances. The n 


may he done at tne entry W 


It is very e Au ea Torts. of batteries 


ſhould be defended by ſome works againſt attacks, 
and ſhould, if poſſible, be under the fire of the 


place, at leaſt they INE. not to. be oy far ad- 


dane. 


Reman. my 


1 T9 n of Genes eb beer be- 


ng a place, or of the drawing up an army, 


ry, b being things which depend more on- enpe- ö 


rience * Coos ſenſe, than on mathematics, 
5 PRO r. vn. 
To trace out Fortifications hun the Gnewnld, | 
1. Having exactly conſidered all the parts of the 


plan, mark the point where you ought to begin, 
2. H 
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2. If che determined point be the center of the 
| polygon A; extend the cord AB to the 
Fig. 37. length preſcrib'd in the plan; give alſo to 
5 the ſides BB their proper length, and that 
will determine the angles, and form the polygon. 
23. If the determin'd point B. is the angle of the 
polygon, from the point B extend the cord BF, fo | 
that the line BF may tend directly to the center of 
the polygon, then extending the cord BB to the 
length required for the ſide of the polygon, by the 
help of your inſtrument, ſet off the angle F BBE as | 
the plan directs; in the ſame manner muſt be laid 
down the fide BG of the polygon, according to its | 
requir'd length, and ſetting off the angle FBG as | 
before, &c. If in proceeding thus with each ſide 
of the polygon, the laſt cloſes the figure, the oppe- | 
ration is right ; but if it does not cloſe, you may | 
eaſily correct the deficiency. | 3 


4. The polygon being thus traced out, ſet off the | 
demigorges BC, and the capital lines BD, and 
having drawn the perpendicular CE for the flanks, | 
take notice if the points DEC are in the ſame line, 

which will ſerve to correct any error that may 
| have happened; thus will the baſtions CEDE 
be exactly traced out. „ 


5. Purſuing the ſame method, you will eaſily 
accompliſh the whole plan, ftill ſerving yourſelf 
with the principal lines and perpendiculars drawn 
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by the middle of the curtain. 
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To put your Plan 15 Perſpekiue Orthographicall. 


1. Having laid down your plan with all the lines 
which ought to mark the thickneſs, draw | 
from each angle A, the vertical lines AB Fig. 29* 
of ſuch length as each point A ought to 
appear raiſed above the level of the ground, then 
drawing the lines BB, and obſerving all the lines 
AB and BB, which ought to appear, that is to 
ſay, which are not loſt in any thickneſs, or hid be- 
hind any body, ſo will your plan appear raiſed, 


2. If you would expreſs the talus, take the verti» 
cab lines BC of the length of the talus's height, and 
draw the line CD of the length of the talus, and 
from the moſt convenient fide, and the lines BD- 
ſhall expreſs the talus, 9 


3. To finiſh the perſpective, we muſt ſuppoſe the 
light to come from one ſide, and leaving the faces 
oppoſite thereto without ſhade, give a greater or 
leſſer ſhadowing to the other faces, according as 
they more or leſs are diſtant from the ſide whereon 
the light directly falls. | 
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alles ag is not the kept of 11 waer to oer 

15 every thing neceſſity to be known con- 
i cernin g Artillery ; but only ſuch things, 
in that Art, as have a more particular 


. on the M My athematics.... XL ASE . 
DEFINITION S. 3 


e & 5 


cavity or chaſe. will be BL, its mouth, or 


muzzle By its breech or nad its plat- 1 5 
band E, mn en or tou * „its fſt * 


* 


; 


GB, its, allxagah Ps its peck Gai! its ſage CB. 


2. The calihre or boxe 3 3 a, cannon. is a | 


neſs of its mouth with reſpoct to the ball or bullet 
it may receive. 


TO. EE OO En Ts es nt Ate 


-> Cannons fate diſtinguiſhed, with. regard to | 


their length. and bore, into three kinds, vir 


Cannon, a Culverine, and a 25 . 5 


H»w%mFg˙cↄœ z «c« —xßůÄ582ů » ͤůrV— — 


F * | 7 : T g ” 
14194 int nee KY u 905 £4 ett #31 14 


STOR Moo . n * MS $08 | 


4; Suppoſe acannan and its profile. to beAB, its. | 


fe inforcement I, its ſecond re-inforcement F, its 
trunnions,G,,,its dolphins Hz its vacant- * 7 
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x : The cannon has a length in a certain proportion 
'} to its bore ; the culverine has the ſame length, 
but its bore is ohly half the diameter of the bore f 
= tne can non; the baſtard cannon has alſo the ſame 
1 length, but the diameter of its bore is a mean be- 
tween chat of a cannon and a culverine. | 


> The faulcon and faulconet, are ſmall can 
nons, the firſt carrying balls but of 10 pounds, 
ws other but of 5. 


* 8 8 * — 
— 


„ 4 + * ** * — e = 


| Note, For 8 they uſe cannons of diffe- 
3 Ely qt s, that is, carrying balls of different weights, | 
viz. 4, 6, 8412318, 24, and 36, pounders, becauſe. 
culverines would be too troubleſome upon the 
decks of ſhips. * | ths 1 | 't b 
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. Cannons are again aiftnguited,\ with hat 
to * richneſs or thickneſs of their metal, into 
three kinds, iz. the Double fortified, the Legiti- 
mate, and the Lefſened : The double fortified have 
above nine times the diameter of its mouth in the 
outward circumference of its breech; the legiti- 
mate has preciſely nine times, and the leflened lels 
than nine times. 1 7 
6. The carriage of, a cannon res to eben 
it ; to turn it to the right and left, and to raiſe 
odr depreſs it. The carriages uſed in 
Fig. 2. 2 are very fit for all theſe purpoſes, 
a as wad A, of which the wheels are. 
- ſeldom” 


-* The Cannon 100 by the Eg Ii in their ſea-ſer. 

vice are of the following calibres, that is, carry balls' 

of the following weights, wiz. 14, 3, 6, 9, 12, 18, 
and 24 en þ 
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ſelaom more than 8 inches radius ; B e 
the hind wheels, C the fore wheels, D the bo: tom 
of the carriage, A the ſides or brackets, E the 
reſts for the trunnions, F the axletrees of the 
wheels, G the holes for the laſhing-faſt or ſecurin 
the piece. In the land- ſervice; they are obliged to 
mount their cannon upon carriages, better adapted 
for drawing them, having wheels of two or 0e 
boot radius, as Fi ig: Hi: 


SUPPOSITIONS. 


1 


The general bus of motion are here 1 
the chief of which are laid down in the . 
of the tract relating to the ockeng of a ſhip, and 
ſome others are here annexed. 

1. A body in motion cannot communicate | more 
of motion than is in itſelf. 31 7 


2. There are but two ways that motion can n be 
deltroy' d; 1. When the moving body meets with 
an obſtacle it cannot overcome. 2. When it re- 
ceives a new movement contrary to its former di- 
rection, © When motion is deſtroyed by an obſtacle 
t cannot overcome, it is intirely deſtroyed at once; 
but when it is overcome by a contrary movement, 
tis only deſtroyed in proportion to the TANY 
f ſuch er ene | 


z. When one body! in motion meets eder it 
communicates to it, if it can, a force neceſfary to 


put it in motion with an equal einen with it 
elf, SF 00 2H; | 


Wo 0 4. When 
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14a When n motion meets ain dos 
dy; it receives from it a contrary movement t equal ; 


to . it communicates. oft 


een moving body oy two e and) 
equal motions, if it is intirely at liberty to move it- 


ſelf. by their directions; the two ſeveral motions 


will d ſtroy each other, and the body will remain 
immoveable; but if the body cannot obey the di- 
rection of the one, that motion will be deſtroyed, 
and the other wg remain intire. 


Gs 17 a avoring buds has two contrary | amd ed; 
motions, and being at liberty to follow the direction 


of the one in its full velocity, is not at liberty to 


move according to the direction of the other, but 
viith a part of its velocity, this ſecond motion will 
deſtroy a part of the other, in proportion to its o 


Wen, and will itſelf be intirely ge 


1 5 Thet a laws of motion PLE 
ſtrats themſelves by continual on 
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PO P. I. 


De "Proportions of -the ſeoeral: Parts of @ 2 


The proportion of the parts of a Cannon depend 
upon ſo many circumſtances, that experience ſerves 
much better to determine them, than any ſtated 
rules: So that I ſhall content myſelf with giying the 
following tables, wherein · IL have. inſerted only the 
proportions of ſuch pieces, whoſe calibres are com- 
mon 9728 to the French and alls uſage. 1 
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IT PR O p. II. i 
Of the Cavity or Chaſe of a Cannon. 


The Chaſe of a Cannon ought to be exadlly 
in the middle, it ought to be equal throughout, 
and without creviſes or honey-combs. 


1. Whether the chaſe be perfectly in the middle, 
1 be tried by a cylinder of wood ABC, whoſe 
part AB is equal to the cavity of the 


cannon, and the part BC equal to its Fig. 3. 


outward circumference. Let the cylin- 7 
der AB be put into the cannon, and applying a 
rule all round upon the lines BC parallel to the 


axis of the cylinder, you will ſee if it exactly | 
agrees with the outſide of the cannon, 


2. Whether the chaſe be equal throughout may 
be known, by applying rulers to its inward fides ; 
for if the rulers are parallel, tis a ſign the inward 
hdes of the cavity are ſo likewiſe, and conſe- 
quently that it is equal throughout, . This equalit 
of the cavity does not exclude the chamber, which 
may be made at the bottom of the cannon, 28 
will be mentioned hereafter, 


. To know if a cannon has creviſes or. honey- 5 


combs, after having fired-it twice or three times 
with double charges, they uſe a ſort of rammer 


armed with flexible points, which cloſing towards 


the rammer in thruſting it into the - © ** 
cannon, extend themſelves, and enter- Fig. 4. 
ing into the creviſes, remain there upon 


a forciþle drawing it back. Another way of try- 


ing, is by applying a looking-glaſs A, Hg. 5. 
to the mouth of the Cannon, which 
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will repreſent very plain 1 the oppoſite ſide BC, 


and ſucceſſively all the reſt, 'by changing the poſi- 
tion of the cannon, and conſequently the creviſes, 
if there be any, will appear. 


PROP. III. 


07 the Outf ide of a Cannon. 


With reſpe& to the outſide: of a Cannon, re- 
gard muſt be had, 1. To the force of the powder 
and ball. 2. To the paralleliſm of the ſight and 


the chaſe. 3. To its beauty — conveniency of | 


movement. * 28 


ö | 
I. A cannon muſt be thickeſt wt the 
breech, becauſe the force of the powder is there 


greateſt, nevertheleſs its mouth muſt be alſo 


ſtrengthened with rings, left the bullet, in going 


out, ſhould ſplit the edges, not rg of the ſame 


thickneſs of metal. 


2. That the wenden thickneſs of metal at the 
breech than at the mouth of the cannon, ſhould 
not hinder the fight or. aim, by preventing its 
paralleliſm with the chaſe or cavity, a button or nob 
ſhould be rais'd upon the upper part of the i" 


3. The other parts of the outſide of a cannon 
ſerve either to its ornament, as the carving, the 
devices, and inſcriptions ; or to its movement, as 
the dolphins and the trunnions. 


LEMMAI. 


' Suppoſe the rectangular cylinder AB, 

Fig. 6. . whoſs baſes AB are circles; I fay 
that all the * of the cylinder 

"* | parallel 


J 


n 3 * 


WT” © be 3 


| 199 1 
parallel to the baſe A, as C, will alſo be * 

equal to the ſame bale A. Imagine A B the 
axis of the cylinder, and the rectangle parallelo- 


gram ABDE, in turning about the axis AB, to 
have formed the cylinder, 


Demonſt. Since the ſurfaces A and C are paral- 
lel, the ſections CF, AE, will be alſo parallet 
(by 16. 11. of Eucl.) and the figure ACFE will 
be a parallelogram, whoſe ſides AE, CF, will 
be equal; in the ſame manner it may be ſhewn, 
that the other radii of the circle A are equal to 
the radii of the circle C, which anſwer to them, 


| and conſequently the circles A and C are * 


Ln A II. 


In the rectangular colinder T, ſup⸗ c 
poſe a circle parallel to the baſe E, Fig. 7. 
having for its center B; if from the _ 
point A of the circumference of the ſaid circle B, 
be deſcribed a kind of a circle upon the concave 
ſurface of the cylinder, it will cut the citcum- 
ference of the circle B in the point C, and the 
angle BAC, which the radius AC makes with the 
radius AB, will be leſs than any other angle, as 
BAD, which another radius AD leſs than AC, 
would form with the ſame radius AB. Suppoſe 
the line DF parallel to the axis of the cylinder, and 


perpendicular upon the plane of the circle B, __ ; 


draw BF, BC, BD. 
Demoa ft. In the ange BFD, the line BD | 


oppoſite to the right angle BFD, will be greater 


(by 19. 1. Eucl. ) than Bp. or BC; and ſince in 
the triangles BAC, BAD, bag ſides BA, AD 
M3 -- are 


— 
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are equal to the ſides BA, AC, the baſe BD, 


which is greater than BC (by 18. 1. Eucl. 5 will | 


make the angle BAD greater than BAC. 
LZ 


Suppoſing, as in the foregoing, a plane to paſs 
through the point D, and the line AB; ; the line 


DD will be greater than 2 


Demon t. In the triangles DA D, CAC; 
which have the fides AD, AC equal, the 


angle DAD which is greater than CAC (by 


the prec.) will make the line DD greater than 
CC (by 19. 1. Eucl.) 


COROLLARY. 


Ik the line CC is the leaſt of thoſe, which 


paſſing through. the line AB, are determined by 


the circumference of the circle A, the triangle 


CAC is inſcribed in a circle equal to the daſs 


E of the rectangular Rent 


P R O r. IV. 
Of the Calibre, or Bare f a 8 


1. The calibre or bore of a cannon is known 
by the diameter of its mouth, the cube of which, 
in compariſon with the diameter of a ball of one 
pound, gives the calibre of the cannon. Thus, 
when the diameter of the mouth of a cannon is 
double to that of one pound, the cannon will be 
an eight pounder ; if * a 27 pounder; if 
quadruple, a 64 pounder, &c, 


2. To 


| 
| 
| 
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2. To find the calibre of the eannann 
B, open the compaſſes A as wide as Fig. 8. 
they will ſtand in the mouth * me. | 
cannon B. 


| But if it : be 1 to find the calides 50 
the part A of a cannon; from ſome 
point A, deſcribe a kind of a circle Fig. . 
upon the concave ſurface A, and taki | 
the ſhorteſt diameter BC, by extending the com- 
paſſes croſſways, as in the figure; then upon the 
line EE, equal to BC, form a triangle with ſides 
DE, DF, equal to "the radii. AB, AC; this 
triangle being inſcribed within a circle EDFG, 
will give DG the diameter of a circle equal to the 


mouth of the cannon, of which A is a re: (by. 
Lem. 3.) 


4. It 3 be . to have WP as AB, B 
for meaſuring the calibre of cannon, of which 

| the part AC being the diameter of a 
| 

| 

| 


cannon of one pound, AD will be the Fig. 10. 
diameter of one of 4, and AE of one 

of 8 pounds; fo that by applying the diameter of a 
cannon to the rule, you will at once ſee its calibre, 1 


1 Note, The rule for 3 the calibre, is is 
5 divided i in the ſame manner as the rule for meaſur- 


e ing ſolids on the Sector, or Compal of meien. 
5 (vide Appendin. ) 
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: A Bullet is commonly made of a ſolid globe of 
Di .. Hime 


— . 
—— 


— 


a ; p 
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1. It is made of a ſpherical figure, as the moſt 
Proper to en keep, and communicate motion. | 


— 
Gam 


2. It is made of iron, as being a metal of ſuf- 
Kcient hardneſs and weight, and of which there i is 
a ſufficient plenty. | 


| 
| 


It is made woll, beende a hollow bullet 
id“ be liable to the fame feſiſtance from the air, 
and the body it ſtrikes; but would want the fores 
walch ſolidity gives es; 


E 


Pao, vi. | 11 ; : 
of the Can bre Y the Bullet. 


7 The calibre of & bullet is in the- fate man 
ner known by its diameter taken between the points 
of a pair of Callipers, or curve · legged compaſſes, 
the cube of which diameter, with reſpect to one of 
the weight of one pound, gives its calibre, and 
the proportion is the ſame in bullets as in cannons z 
only it ought to be obſerved, that the diameter of 
a bullet ought to be leſs by two lines, than the di- 
ameter of a cannon of the ſame calibre, that ſo it 
may enter eaſily. 


——ä—ä——ä— — = ven Ne ——-½ — —— — 
RR ³·˙ > as; ̃ ̃ͤ V é ũmuh! — is: 


2 On u 


2 


wo On 'the 2 2 hand, we know the 4 er 
of a bullet by its weight, or calibre ; for the cube 
root of its weight being divided by the cube root of 
the weight of a bullet of the ſame metal, havi 

unity for its diameter, gives the diameter required. 


3. This ſhews a new way of Iividiog a rule: 
for. coking the calibre. For let AB re- 


the diameter of a bullet of one pound 
equal parts, of which let AC be 10, then adding 3 


cube root, and you find the number of parts anſwer- 
thouſandth part. For example, if you would mark. 
upon this rule for the calibre, that of à bullet of 24 
pounds, adding 3 cyphers to 24, which makes. 
24000, the cube root thereof, viz. 29, gives the: 
diameter of a bullet of 24 pounds. After which 
manner was compoſed the following table. 


Weights of Bullets in Pounds. 
D 1 18.24/36 48 64 200 
: . Numbes of Parts in their Diameters CE 
f 10 13 16 18 20 23 26 29. 33 36 40 4 
f 4. To find the diameter of a bullet, of which 


we have only the convex part A; on the point A, 


0 ſurface A, and having taken the dia- 
meter BC with a pair of callipers, then Hg. It. 
n upon the line ED equal BC, * 


Ks triangles 
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preſent a rule, of which the part AC is Tig. 10. 
weight; let the whole rule be divided into 1000 
eyphers to the weight of each bullet, extract the 


ing to the diameter of each bullet, almoſt to a 
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. as a center, deſcribe a circle upon the Goran 1 
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| ee wich the ſides FE, FD equal AB, AC, &. 

this triangle in the circle EFDG, the diameter 

of which FG, will be the diameter of the bullet. 
Demonſt. The plane of the triangle ABC paſſi 

through the pole A, and through the diameter BC 


of a circle, will paſs through the center of a globe 


(by Prop. 1. Sph. Trig. ) therefore the triangle ABC 
will be inſcribed in a circle, which will paſs throu 


the center of the bullet, and conſequently will have 


for its diameter that of the bullet. 
| 15 PR Or. VII. | 
Of the Cauſe of the Motion of the Bullet in a 


| i Cannon, 
* 


bullet the ſpace B; when the powder 


takes fire, it will rarify the air and fill 3 wo, 


ſpace, as AC, and thruſt the bullet from B to 
from whenee may be obſerved, | 
1. That the ſwiftneſs of the motion communi- 
cated to the bullet by the powder, ought to be 
meaſured by the line AC, the length of the ſpace 
gained by the powder in fring; 3 becauſe in the time 
of the mo" 8 firing, the bullet is forced with the 
velocity AC. Tot 


2. Whether the 3 is inſamed ſucceſſively, 
or all at once, the bullet receives an equal velocity, 
| fince it all takes fire before the bullet goes out of 

the cannon. For if at the fuſt inſtant only balf 
VVV powder ſhould take fire, inſtead of 
hb 12, gaining the ſpace AC, it will only gain 
* AD, and communicate to the bullet 
R | only 


ä ͤ OE er ⁵ Ä ² nn IT, OOO 8 


| Let AB repreſent a Cannon, 8 
Fig. 12. the powder takes up the ſpace A, and the 


4 203 
only the velocity AD; 'but afterward: as the reſt 
takes fire, it. me nn. e n 
N to N. e 


or it might have been thus. 


8 AE 88 a Cannon, Wr 8 
the powder takes. up the ſpace A, and B is Fig. 1 2. 
the bullet; the inftant of the Ke rage” ta- 
hing fire, the flame by" expanding the air will with 
great force preſs the ballet for forward, and fill a larger 
ſpace, as AD, AC, or even AE the * bore; © 
from thence may be e, 


— * by 1 
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1. That the fviftneſs of the motion given to the bul "I 
1 let is by the inſtantaneous expanſion. of the air in the 
e red powder, and that ſuch fwifineſs continually in- 
r creaſes,whilſt the bullet is moving the whole length from 

er B ro E, if the expanſion of the flanie is of force ſuſſi- 

'. WM cientto preſs out the bullet, if placed at reſt in E. 
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2. That the height of the charge of potoder ould 
i be proportioned ta the diameter of the bore and length 
de of the cannon, as a heavy bullet will require a greater 
ce Force to give it a velocity equal to a lighter in propor- 
ne tion to their weight, and if the length of the cannon 
he is increaſed, the expanſion of the flame muſt bein- 
creaſed, ſo as to preſs the bullet for the whole length, 
or elſe the 9255 wil diminiſ 20 rer 7 the 
ly, bullet. 


* 


of 3. That the 3 of the weight if the bullet 
alf belps to the continuance of its velocity, as it has 


of thereby the mare force to overcome the obflacles it meets 
ain with, 


t 406 1 . 

4 er the Pb of the tight of the bullet 45 
miniſbes the expanſion of the flame of t e powder 3 for 
though the bullet has nat any contrary motion, yet as it 
muſt receive its whole mation from ſuch expanſion, it 
will, in reſiſtance thereta, communicate a contrary mo- 


| = tion to that it receives, and fuch contrary motion in- 
= crraſes 15 proportion to the weight * the bullet, 


COROLLARIES. 


1. If two equal bullets, A and B, are 
Fig. 13. thrown out of equal cannons, their 
velocities will be in the ſame propor- 
tions as the quantity of powder in the one and the 
other cannon, ſince the ſpaces AC and BD will be 
in the ſame proportion as the tpacys A and B. 


gr” 


— — — 
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2. If the bullets A and B, of different 

Fig. 14. calibres, be thrown out with charges 

proportional to the cubes of their depths, 

their continued velocities will be as the cube roots 

of their calibres, ſince the lines AC and BD increaſe 

3 in the ſame proportion as the cube roots of the 
—_ quantities of the charges. ee 


— 2 — 
a 


23. It will be eaſy to determine the Popos of 
velocity betwixt bullets of different calibres, whoſe | 
ſeveral charges are determined. For 1. If the 
charges are proportioned as above, their continued 
velocities will be as their diameters. 2. In dimi- 
niſhing or augmenting the charges, their velocities 


are diminiſhed or r r in the Tame . 
portion. 


Mr. Robins, in his new principles of Gunnery 
( bereaſter mention'd) ws that all the f 
obs 
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the charge. i 75 fired, before the bullet is ſenſi bly moved 
from its place; and after determining the force of our 
governanent gun-powder, gives rules (that have 4 
tion to the hs. and calibre of the cannon and bullet] 
or finding the velecities given by different charges 
10 all kinds of bullets, and the charges that will groe 
the greateſt velocity to the OR kinds oY cannon 
and bullets, = 


P R 0 b. vim. | 
'Of the Chamber, where the Powder is placd in 


a Cannon. 


1. The RI A bebe to inflame Tig. 15. 
a greater part of the powder; for tge 
powder A taking fire in the middle, is forced 
againſt the bounds of the chamber, from whence 
it is reverberated againſt the fire. 
— Nevertheleſs, chambers are ſeldom made in 
cannons, becauſe they. would thereby be rendered 
more difficult to be charged and diſcharged, and 
after firing oftentimes, ſome of the fire would 
remain, which would be 3 to oy 
Cannoniers. 475 
PRO v. IX; 
Of the length of @ Cannon. 4 


= 16 f is certain, that the length of a cannon 
diminiſhes the motion of the ball, by its Og 
againſt the ſides in paſſing, | . 


5 2. The | 
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2. The length of a cannon ſerves to augment 
the motion of the bullet, becauſe it gives time to 
the powder to take fire in a premer nee be- 


fore the ball gets out. ; 9 


3. Wee only can determine the lengah of 


a cannon, becauſe its effect depends upon certain 


circumſtances, which cannot be exactly known; 
as the quality of the powder, the reſiſtance the 
bullet finds in rubbing, Sc. 


tk | 42 PRoP. X. 
Of the charging a Cannon. 


7. Tho' experience mui regulate the 8 
of powder, yet in general it may be obſerved, 
that in proving a cannom, the charge may be much 
greater than in | batiie, or when "ou Cannon grows 
hot. 


The bullet muſt enter eaſily, left it damage 
115 metal in going out, or, it may be, burſt the 
cahnon. Care ſhould therefore be likewiſe taken, 
that there be no inequalities in the ball, at leaſt 
that it will enter eaſily every way. 


. It would be eaſy to burſt- a cannon, if after 
having þ ut in the bullet B, the wedge C be in- 
flauated Vol fufficient hardneſs to reliſt the force 
ol the bullet, for then the bullet cannot 8 


137 


without burſting the c cannon. oP] 
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1 PRO r. XI. 
of a Cannon s heati 1. 


* When a cannon grows hot, it recoils with 
greater violence upon the carriage, becauſe the 


powder takes fire quicker, and ina greater quan- 
tity. | 


2. Although the powder ſtrikes equally againſt 
both the upper and lower parts of the cannon, 
yet notwithſtanding it will recoil; ſince it is not 
at liberty to move downwards for the lower 


part being forc'd againſt the carriage, receives from 


that reſiſtance a CONrary motion (by Sup. 4+) 


The heat of the cannon commonly increaſes 
the velocity of the bullet; for that it cauſes a 
greater quantity of powder to take fire before the 
bullet goes out of the cannon; yet it may Hap- 
pen to fhorten the carriage of the ball, if the 
cannon recoiling, falls again before the bullet gets 
out; for that motion of the fall of the cannon 


being communicated to the bullet, very much 


diminiſhes the length of its carriage, as ſhall be 
ſhewn farther 1 ts 


PR O P. XII. 8 | % 


Of the borizontal Carriage of a Cannon. 


Ts! the cannon AB be difp oled 3 
horizontally, the bullet B will. not * Ig "6 
keep the horizontal line ABC, bue «kf £55 


curve line, which will my it to the point D be- 
low the point C. 6 
Daum. 
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Demonſt. The horizontal motion impreſs'd on 


the bullet by the powder, not being contrary to 
the motion of its own gravity, will not deſtroy 


it; therefore the bullet will be carried downwards, 


being moved by a compounded motion, partly 


horizontal, and partly vertical, which will con- 


ſequently carry it to the point D below the 
point C. . e FIR 


COROLLARY. 


From whence it follows, that when a cannot 
ſeems to carry point- blank, or to raiſe its ſtroke, 


the line of aim is not parallel to the cavity of the 


cannon, for then its carriage would be too low. 


RE M AR K 8. 


1. It is not neceſſary to examine the nature of 


the line deſcribed by the bullet in its paſſage, it 
being demonſtrable, that it would be parabolical, 
if the reſiſtance of the air, or the directions of 
its own. gravity, did not affect it. It is ſufficient 
to know, that the line BD, the paſſage of the 
bullet, is not the right line BFD. Let the right 
line BFD be therefore equally divided in the point 


F, and draw FE parallel to CD, and FG paral- 
lel to BC. | 8 | 


'  Demonſt. The line EF being equal to the-line 


GC, the bullet will take up the ſame. time in 
g from the point B to the line EF, by 
reaſon of its horizontal motion, as in paſling 


from the line EF to the line CD; therefore 
when it Tomes to the line EF, it will have de- 
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ſcended 
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[- 29 bY 
ſeendell but the fourth part of the line o 
(by Prop. 10. Mechun.) and hot its half part EF. 
Therefore the paſſage of the bullet will be above 
the point F. 


2. The greater t Wards of the 3 is, the 
leſs will be its deſcent at the ſame diſtance; be- 
cauſe it takes up a leſs time in its paſſage, and 
the quantity of time determines the ſpace or quan- 

tity of its deſcent. So that the bullet Which 
Vas carried from B to D, would have been carried 
from B to H, if it had deen thrown by the cannon 
with a double velocity; becauſe it would then 
have taken up but half the time in paſſing 1 
the point B to the line TD. 


3. If the curve line of the bullet 8 paſſa age Aid 
not Sorin it to the ground, it would not ſtop till 
the reſiſtance of tHe air intitely deſtroyed its hori- 
zontal motion, and its n 1 r 
Iy become ii 


8 Horizontal carriages art to one another, ac- 
cording to their feveral velocities z if no regard be | 
had to the reſiſtance of the air. 


Demonſt. If in the a time . 
paſſes, by its horizontal motion, from 
the point A to the line CE, another Fig. 17. 
bullet is only carried from the point A | 
to the line BD; if further, the firſt bullet in its 
paſſage from A towards C, falls upon the ground 
at the point E, the other bullet falls equally, and 
ſtrikes the earth at the point D; conſequently as 
AC the meaſure of the velocity of the firſt bullet, 
will be the meaſure of its carriage; ſo AB the 

meaſure 
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meaſure of the velocity of the ſecond bullet, will. 
alſo be the meaſure of its carriage. 
e 
Of the reſiſtance of the Air., 


. 1. The reſiſtance of the air retards the velocity 


. 


Ing it. 


2. The reſiſtance of the air inreaſes in a dupli- 
cate ratio of the velocity of the bullet; for one 
bullet having twice the velocity of another, ſtrikes 
againſt a double quantity of air in the ſame time, 
and likewiſe with a dbuble force. 


3. The reſiſtance of the air diminiſhes the car- 


riage of a bullet in a duplicate ratio of its velocity: 


Or it might have been thus, 
"* 


4. The refiflance of the air to the carriage of dif- 


ferent. bullets, projected with equal velocities, is in 


proportion to the ſquares of their diameters, but not 
to their maſs or quantities of matter ; theſe being in 
proportion to the cubes of their diamtiters. 
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— The bullets AandB RE x 
the ſame velocity, will find the reſiſt- Fig. 18. 
ance of the air in proportion to the areas 
of the ſpace each paſſes through; and therefore 
not in proportion to * maſſes or ey of 
matter. p45 


COROLLARY. 
Though the carriage of one cannon be given 
with all its circumſtances, we cannot from thence 
determine the carriage of another exactly, with- 


out regard to the reſiſtance of the air, which can · 
not certainly be known. 
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5. The denſer the air, the FAITH: the reſiſtance, 
and the carriage of the bullet will be diminiſhed 
in proportition to ſuch denfity, fince the bullet 
muſt conſequently ſtrike againſt a greater number 
of Particles, 


| 
6. If two equal bullets pafs r aifferent 
Il mediums of air with different velocities, the re- 
| ſiſtances they meet with will not be equal. But 
ſuppoſing the velocities reciprocally proportional 
| to the denſities, the bullet which paſſes through 
| the ſpace of denſer air, will find leſs reſiſtance 1 in 
the ſame proportion as their velocities. | 


Demon. If one of the bullets paſs ah 
air twice as thick as the other, and the other 
with double velocity to the firſt, they will then 
both be ſtruck with an * number of particles 
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of air; but the ſecond will be ſtruck with A 
double. forde. | 


*» 


COROLLARY. 


If the bullets A and B, equal in N 

Fig. 19. reſpect, are thrown with equal force, 
and the bullet A paſſes through half 

its courſe in a thick air, and the reſt through a 


more refin'd air; if on the cofitrary, the bullet B 


paſs at firſt through a finer air, and continues the 
reſt of its courſe through a thick air; theſe two 
' bullets will find equal reſiſtance, and will be 
equal in their carriage, addi the air Wy 
twice as thick as the air B. 152 


| Demonſl. The bullet A * come to the 
middle of the thick air, will be ſo much over- 
come by the reſiſtance it meets with, and will 
have loſt ſo much of its velocity as the bullet B, 
at the end of the thin air; ſince it will have 


ſtruck againſt an equal number of particles, and 


with an equal force. Again, they will find an 
equal reſiſtance in the remainder of their courſe, 
the bullet A in paſſing through the remaining 
half of the thick air, _ the bullet B in. paſſing 
through the firſt half of the thick air. Further, 
the bullet A will find the ſame reſiſtance in 
paſſing through the thin air B, as the bullet B in 
3 through the remainder of te thick air 


The ingenious Mr. Benj. Robins F R. 8 * 


lately publiſhed new principles of gunnery, wherein 
be determines the force of gun-powder, and inveſti- 
gates the difference of the reſiſting power of the air to 
ſtoiſt and * motions ; and ſhews by ſeveral experi- 
HY 
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ments, that its reſiſtance to ſwift mations is vaſtly 
greater than according to the foregoing doctrine, which 


he ſays, holds true only in flow motions ; ana that if 


the bullet bas the velocity given to it equal to the m- 


tion of 1700 feet in one ſecond of time (which he 
found 'by ſeveral very curious experiments made 

the bullet "impinging into a: pendulum, to be nearly 
the greateſt velocity given to a-muſket or a cannon 


ball) the reſiſtance of the air is greater than in the 


drArine of flow motions nearly in the ratio of 3 to 13 


and that if the flight of a miſſtet- ball of 3 of an inch - 
diameter, fired with half its weight of powder, from 


a piece 45 inches. long, with à velocity equal to 


1700 feet in 1”, was inthe curve of a parabola, its 


horizontal range at 45 elevation would be about 17 
miles; whereas. all agree that this range is really 


ſhort of half a mile; therefore the tract deſcribed by 


ſuch a bullet greatly differs from a parabola," as it 
flies not the part of what it ought to do, if moving 
in that curve; and this contraction will not be won- 


der d at, when it ſhall be conſidered, that the refiſl= © 


ance the air gives to this bullet at its firſt iſſuing from 
the piece, is about 120 times the weight of the bullet. 
 Hepalſo proves that à cannon-ball of 24Tb; fired 


withſ16Þ of powder (which is the uſual battering © 
charge) acquires the. velocity of about 1650 feet ina 


ſecond, and the air's reſiſtance to this ball, at its firſt 

iſſuing from the piece, is more than 20 times its weight, 
and that if the flight of this ball was in the curve of a 
parabola, its greateſi-horizantal range would be about 
16 miles, which is between 5 and 6 times its real 
quantity, as it will always fall ſhort of 3 miles. 
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Ps OP; XIV. 


974 FR 72 Wn of W ater, and the rebounding of 


The. Bullet therein. 


| Water ike a greater reſiſtance as air, both 
becauſe it is a more denſe body, and that its parts 
are more difficult to divide; therefore bullets meet 
with ſo great reſiſtance in water, that they ſome- 
times rebound, and make, as it were, repeated 


leaps upon the ſurface of the water, as in the 


fi * 88 


| | Suppoſe the bullet A, which is car- 

Fig. 20. ried againſt the ſurface of the water B, 
along the curve line AB inclined upon 

the ſame ſurface. 1. If the bullet was without 
weight, and the water ſolid at the point B, it 


would be forced back through the line BC, equal 
in every reſpect to the line "BA, ſince its motion 
parallel to the water would remain the fame, and 
the water would communicate to it a motion re- 


pelling it, equal to that with which 1 i approached 
(by "Sup. „ 


2. The water not being ſolid, the air G 


the bullet, will make, as it were, a cavity in it, 
in ſuch manner, that the bullet inſtead of ſtriking 


it at the point B, will not meet with it 


Fig. 21. but at the point D; or it will enter 


into the water by ſome curve line as 
DG, if it has force enough to divide it at the point 


D. as if it were thrown againſt the water by a line 
leſs inclined, 


e #2 > wn win ow 


b 5 1 f 


[- But if the bullet - Une with bo NY 
velocity, and fo obliquely- againſt the water, that 
it cannot divide it, it then receives a motion re- 
pelling it from the water with a force equal to 
that with which it approached it; and in ſuch caſe, 
if the bullet was without weight, it would be re- 
pelled by the line D MN in bs Rn to >the 


line DBA. 


* T be hte of th bullet « ate the line DE, 
through which it is repelled, to be much more in- 
clined-than the line DC; ſo that the bullet riſes 
out of the water at the point F, after having 


paſs d under the water W the whole ſpace 
BDF. | 


LEMMA * 


If dom the end A of che dianteter AH, | 
be drawn the lines AC, AE, extended Fig. 22. 


to the circumference of the einde and 
from the points CE be drawn the lines CD, 


EG, perpendicular to the diameter; the line AD | 
will be ta the line AG, as the ſquare of the ine 
AC to the chewy of the line AE. 

Demonſi. The ſq 7 of AC is urs to the 
ſquares of AD and DO (by 47. 1. Eucl.) and 
ſince the ſquare of DC is equal to the rectangle 
ADH (by 32. 3. Eucl.) the ſquare of AC will be 
equal to the . 45 of AD, and the rectangle AD 
H ; or it will be equal to the rectangle HAD: 
In the ſame manner the ſquare of AE will be equal 
to the rectangle HAG: But as the rectangle. i. 
AD : is to the rectangle HAG : ; AD : AG 


(by 


—— 2 ———ʒ14˖XäòUʃb1— —— ——— Uſ .. — 
„ G \ * - 


3 


- , ; 


4 


ö (by I. ne Eudl.) Mal 44 as the Fquare of AC: | 
8 7 e Ann. 1e 1 


COROLLART 


Gian (by Prop. 10. "Morden. ) the: de of 
hear! bodies are to one another, as the ſquares of 
their times; if the times be meaſured by the lines 
AC, AE; the deſcents muſt be meaſured by 
the lines AD, AG. Thus, ſuppoſing that in 
the time meaſured by AC, a heavy body im its 
deſcent, would paſs through the line AD; then 
Would it run through {ths end AG in the . 
meaſured by AE. 


Lena i. 


If the body A receives at the RES” A 
Fig. 23. a motion e- which age being 
| . progreflively deſtroyed. gravity, 
ceaſes at the point 3 it will. be roſe. the ſame 
time in its deſcent from B to A, — it took up in 
its aſcent from A to B; becauſe its motion of 
gravity will begin and increaſe by the ſame 
— as its e motion N and 
en ed. | * 8 


cee N 


Bauppoſe the line AC elevated aha 

Fig. 22. the horizontal line AB, and the bullet 
A thrown to the ſame height, with a 
motion which would carry it to the point C in a 
minute of time, if the ball was without weight; | 
but that by reaſon of its gravity it deſcends again . 

to the point B in the vertical line CB; bene 

| thence 


— 
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oy. OV 


I Ga <0 


[ 277 1 5 
thence deduce the bie conſequences: 2 15 The 
ball will arrive at the point B in the ſame time 
it would be in coming to the point C; ſince its 


gravity makes no alteration in its boriontat — 


motion, which carries it from the vertical line 
AH, to the vertical line BC. 2. The ball will 
take up one half of the ſaid time in its aſcent, 
and the other half in its fall. (by Lem. 2 mY 
The ball will-#ſcend but the wank part of th 
Tai BC, or half that height! it would have ae 


ed, in half the ſaid minute of time (by Prop. 10. 


Mechan. ) if the motion cauſing i its aſcent had con- 
tinued always equal, and its gravity had not in- 
ſenſibly overcome it. 


8 PRO r. XV. [oh 75 


. from the mouth of a cannon | 
A, whoſe elevation is AC, a ball being Eg. 22. 
thrown ſhould fall upon the point B of _ 


the horizontal line AB.. Draw AH and BC + 


perpendiculars upon the line AB, and from ſome 
point as D, deſcribe the circle ACH. I ſay, that 


if the cannon be ſet to any other elevation as 


AE, every other particular remaining the fame, 
the line EF perpendicular to AB, will * 
the point F, where the ball will M 1 


Demon fi. Since the ball, at the elevation AC; 
falls upon the point B, it muſt needs be that 
during half the time it would take up in paſſing 
through t the line AC, if its gravity did not affect 
it, its weight will cauſe it te deſcend the fourth - 
part of the line BC (by Cor. proc.) But if durin 
the time meaſured by balf the _ AC, the bal 


Vor. I. a „ een 


„ 


* one fourth part of the line BC or DA; 
then during the time meaſured by half the ling 
AE, it will alſo deſcend one fourth part of the 
line AG or EF; (by Lem. 1.) therefore the 
point F will be the place where the ball pri fall at . 
the elevation AE. 


PRroOP, XVI. 


x | Suppoſe the line AK raifed above 
Fig. 24. the horizon A B, and the ball A 

having the elevation AC, to fall upon 
the point K: Phew AN perpendicular to AB, 
and KC parallel to AN. Again, let A H be 
drawn perpendicular to AK, and from ſome point 
of the line AH, deſcribe a circle ACH. I ſay, 
that if to the ball A be given any other elevation 
as AE, the line EF parallel to the line AN, 
will determine the pcint F, where the ball will 
fall upon the line AK. Draw CD and EG, 
perpendiculars * AH, which will cut AN 
in the points ML. 


Lift. The ſquare of AC is to the ſquare 
of AE; as AD to AG (by Lem. 1.) or as 
AM to AL (by 2. 6. Eucl.) or as CK to EF, 
Therefore (by the 98 if the ball A having 
the elevation AC fall upon the point EK, it will 
fall upon the point F, if it obtains the cleyation 


RE M AR K. 


If the carriage and elevation of a cannon be gi- 
ven, together with the plane upon which the ball 


is. to fall; we have all. others upon every _ 
0 


nens wh. and 2 


Pre 


——— 


AK. 
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of plane; becauſe the force of a cannon may al- 
ways be meaſured by the vertical line AN, which 
ought to be the ſame whether the plane be hori- 
zontal or not, ſince the plane has no effect upon 
the vertical carriage, by which the ball is returned 
towards the point A. 1 | 


COROLLARY. 
7 If the line KC be a tangent to the cirele, the 


the angle of BAK; for the angle CAK is equal 


E. 


| line AK is the greateſt carriage, and BAC the . | 
angle of elevation equal to 45 degrees, with half 


10 half the angle NAK, which is 45 degrees, leſs 


half HAN, or BAK. 
From whence is deduced this general rule: 


To have the greateſt carriage upon a plane eleva- 
ted above the horizon, to the elevation of 48 de- 
grees, muſt be added half the elevation of the plane. 


— 


PR OD. XVII. 


The ſame reaſoning holds good, 
when the line AK lies inclined below Fig. 25. 
the horizontal line AB, after having 
deſcrib'd the ſemi-circle ACH, touching the line 


COROLLARY. 


in the ſame manner, To have the greateſt car= 


riage AK, dedud? from the elevation of 45 degrees 
half the angle BAK | 
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h Prop. XVIIL. 
1 | E the . — to find the elevation 16 * 


on. 


= HR 23 Having a ſquare of 2 or of | 

| Fig. 26. metal, as AB, one of whoſe ſides AC, 

8 let be prolong'd at diſcretion to B. 
From the point A, deſcribe. the quadrant CE, 

in ſuch manner that AB may be perpendicular to 

AD; ; then divide the quadrant EC as uſual, 

= beginning from the point E, and let a olummet 

'Þ de hung upon the point A: Laſtly, let the whole 

4 ſquare A B be filled up with lines parallel to 

1 AD, and ET WA om ane another, 


i 2. To uſe this inſtrument, put the 
bl Fig. 27. ſide CD into the cannon, applying it 
_ - cloſe to the under fide of the cavity or 
| chaſe, ſo ſhall the plumb line AF ſhew upon the F 
| arch EC, the angle FAE, equal to the angle 
ABF, the elevation of the cannon above the | 
| horizontal line —_ 


3. Beſides the above, there may be 

Fig. 28. provided a ſquare of paſte·- board, or of 

metal, whoſe ſides GH, GI muſt be 

| equal to the ſides AC, AE of the other inftru- 
C | ment; then deſcribing upon GH a ſemi-circle, - 

| which ſpace muſt be cut away and left open, and 
divide the fide GI into ſeveral, equal parts. 
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4. Its uſe is as follows; when du would de- 
termine the horizontal carriage, place | 
the point G of the paſte- board upon Fig. 29. 
the point A of the other inſtrun t, | 
and the line GI, upon the fide AE; fo ſhall one 
of the parallels to the line AD, touching the 
open ſemi- cirele in the point K, ſhew upon the 
ſcale Gl, the greateſt horizontal carriage at the 
elevation HK; the other parallels will likewiſe 
ſhew the other carriages upon the ſcale Gl, with 
their correſpondent elevations. Having therefore 


fix d upon a certain carriage, put the inftrument - | 


into the cannon, and raiſe the piece till the plum 
line cuts upon the ſemi-circle-GKH, the -cor- 
reſpondent elevation. ee eee 


5. When we deſire to know carriages elevated 
above the horizontal, we place the fide © 

Gl of the paſte-board under the line Fig. 30. 
AE, fo that the angie EGI be-the 
angle of the carriage with the horizontal. If on 
the other hand, we would know a ca- 

riage inclined below the horizon, we Fig. 31. 
elevate the line Gl above the line AE, = 
to the ſame angle. All the reſt is done as above. 


"REMAR K. 


Carriages may be determined, not only by the 
greateſt, as has been above laid down, but even 


by any other, whoſe length and elevation is 


known, ſince it. only depends upon determining 
the value of the ſcale GL lll. 115 
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Cannon, and compre 


ſtrike the body 


th 222 1 
2 {;"extagr th Bor. XIX. of So 
_ Of the force of the Ball again the Bub it niir. 
1. It is plain that a ball faiking a body. vos 


after it paſſes out of the mouth of a cannon (every 
thing elſe being equal) will ſtrike it with greater 


force than after its motion is ne by this 


teſiſtanes of the air. 
2. If the ball A, at its Re on ou _ 


Fig. 32. the mouth of a cannon, immediately 


meets with the body B, it may happen, 

that the air forc'd by the flame coming out of the 
fd againſt the body B. may 

repel the ball with a force that may leſſen its 
motion more than the air it would meet with at a 


little greater diſtance; and in that caſe the ball 


will ſtrike the bod 72 dy B withlels force, than it would 


beyond the l of the flame of the powder. 
23. If the ball A; is carried againſt 


Fig. 33: the body B, in the perpendicplar line 


AB, it will communicate its whole 


motion 7 but if the ball paſſes through the oblique 


line- A the motion it- communicates will be 


: only ! in the ratio of the line, AC to the line 
AD. i 


I 
COROLLARY. 


From = Wot it 8 that balls ſtrike with 
more force againſt rough Bones, than againſt 
imooth ones. 


oj PR OE. 


at a little greater diſtance, 
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4 Pao. XX. | 
Of Martars for Bauman. 


| Mortars are a ſort of cannon thorter - | 
and larger than thoſe before deſcribed ; Fig. 34. 
their uſe is to throw bombs, and car- 
caſes ; however, all that has been ſaid of other 
cannons may be applied to theſe, and parti- | 
cularly the rules given for determining their : 
carriages. and elevations ; what more peculiarly _ 
relates to them may be comprehended in the fol | 
12 8 obſervations : : 


* 
24 


1. Mortars coughs: to be OE ſhort, that the 
bamb may. be plac'd in a, proper ſituation, that 
neither the fuſe may be loſt in rolling through the 
caunon, nor the bomb burſt in its paſſage, nor 
even retarded by rubbing. EI lde, of the 
* cannon, | 5 
1 Wo Mortars nee have cbembete; chat the . 
ole powder may the ſooner take fire in a greater 
quantity, there heing no e tl that fire ee a 
remain in them unperceiv*d, by * 
. Some mortars, as A, are ſo contriv'd, as to 
be Tais'd or depreſs'd upon their carriages, for me : 2 
better regulating the diſtance of their carriagez - 
but this fort. of mortars are more liable to bedif- - 
mounted, and more difficult to be fix'd in e b 
3 D * 
4 Mortars which, as B, are caſt with cheir N 
carriage, are generally more eſteemed. Ihe 
) . Irre e commonly made to the elevation of 45 oy, 23 
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becauſe that elevation gives the greateſt horizontal 
carriage: Nevertheleſs, as mortars are often de- 
ſigned to throw mbs into places elevated above 
the plane they are fix d. in, I would adviſe the giy⸗ 
ing them a greater elevation upon their carriages? 
And if there be occaſion to leſſen the carriage of 
ſuch mortars, it may be done by diminiſhing the 
quantity of powder in their charging ; which ſeems 
more natural than ee the carriage, by giving 
the mortar an elevation leſs proper to throw the 
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